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INTRODUCTION 
The fundamental purpose of these tests is to throw some light upon the effect of 
a prolonged treatment with ozone upon the lubricating value and other properties of 
eight different samples of mineral oils. 
In order to compare (at room temperature) the effect of ozone on vegetable 
and mineral oils, tests were run on samples of olive oil. 
While anything approaching a comprehensive discussion of friction and lubri-
cation would be far beyond the scope of this bulletin, nevertheless, in order that the 
object of this investigation be understood, some brief account of these two great 
subjects seems to be necessary. 
Mechanism has for its sole object the utiliza tion of energy in order that it may 
be converted into useful work, and the loss in transfer of energy is greater than is, at 
first thought, supposed. In this connection Professor Charnock says: "It is truly 
remarkable that of the many details in connection with machinery, none receives 
less attention than the reduction of friction and the proper lubrication of bearings." 
He adds further: "Taking a good engine working at full power, from 6 to 8 per cent, 
and at quarter power, from 24 to 32 per cent, of the total power developed is wasted 
in fricti on of the main bearings. In many mills fitted with first class arrangements 
for transmitting power, to drive the shafting alone, requires from 20 to 30 per cent 
of the work done by the engine, and no doubt in many cases this is greatly exceeded." 
He again adds, "It is evident that there is much room for progress in the direction 
of reduction of loss by more careful attention to the laws of friction and lo more 
scientific methods of lubrication."1 
While some advances have been made since the time these assertions were made 
by Professor Charnock, accurate knowledge of the whole subject of friction and of 
lubrication is far from satisfactory. 
Friction 
Two solid surfaces, when pressed together firml y, cannot be moved relatively 
to each other, without the expenditure of force. Even when the surfaces begin to 
slide, the one upon the other, due to force applied, resistance must be overcome in 
order that their relative motions be maintained; this resistance is commonly known 
as friction .' 
Lubrication 
Lubrication consists in the separation of surfaces which are required to move, 
the one upon the other, by films of liquids (or soft solids) called lubricants. 
The following pages record the results of part of an investigation still in progress 
at the Engineering Experiment Station of the University of Missouri, upon the 
"oiliness" and other properties of eight mineral oils and a sample of olive oil; also 
the effect produced upon some of the properlies of these oils, by prolonged treat-
ment with ozone. An attempt has been made to ascertain whether or not there is 
any relation between "oiliness" and one or more of eight physical and chemical 
properties of these oils which have been investigated. 
"Oiliness" is defined by Wilson and Barnard" as "that property by virtue of 
which one fluid gives lower friction coefficients a t low speeds and high loads than 
another fluid of the same viscosity". 
1. Lectures from the Bedford Engineering Society by G. F. Charnock, November and December, 1905, page I. 
2. There are othe~ kinds of friction than this which is really a resistant to motion between sol id surfaces-but 
only this type need be considered here 
3. ]our. of Soc .. Autom. Eng. Vol. II July 1922, page 50. 
Note-Further discusslon of "oiliness" and method of measuremenL,-\Vilharm, Ind. Eng. Chem. IS, 463 1926. 
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These essentially are the considerations upon which the work in this bulletin 
may be considered to be based. 
The physical properties of liquids considered to be most closely connected wi.th 
their values as lubricants are the following: Specific gravity, viscosity, and surface 
tension. To these are added, in an extensive study of the subject of Lubrication by 
Wells and Southcombe, 4 interfacial tension, compressibility, and tensile strength. 
Upon these two last mentioned properties comparatively little work has so far 
been done. 
Surface Tension 
It has been shown by Ubbelohde that only those liquids which spread over the 
surface of solids or wet them can be considered as lubricants . It is necessary that a 
lubricant makes its way, it may be by capillarity, into the narrow clearances between 
the friction surfaces, and only such liquids as wet the surfaces can do this . 
In the case of the lubrication of shafts moving rapidly and supplied with excess 
of oil, often under pressure, the frictional values depend largely upon viscosity. 
When, however, slow speeds of friction surfaces are considered, at high bearing pres-
sures, operating frequently with a limited supply of oil, then the property of "oili-
ness" or what is sometimes called "abilitr to maintain a film", is all important in 
the choice of a lubricant, viscosity being ofless consideration. 
Wells and Southcombe menti"on the impossibility of measuring surface tension 
between oil and metal. The surface tension usually measured is that of oil against 
air. These authors, as well as others, consider that the rise of a liquid in a capillary 
tube gives little or no information as to its value as a lubricant; accordingly these 
authors decided to measure the surface tension of oil against water or the interfacial 
tension between these two immiscible liquids hoping that this property might give 
some criterion of the "oiliness" of the oil. 
Because rather opposite views upon this property are held by these investigators 
on the one hand, and Wilson and Barnard on the other, it was decided to determine 
the interfacial tension, oil-water, of these oils, both before and after each treatment 
with ozone. 
The method used for the determination of this property is a modification of 
the one used by Wells and Southcombe. 5 
Oiliness 
The measurement of this rather elusive property is generally considered to be 
best made by means of the D eeley Friction Machine which measures directly the 
coefficient of static friction. 
Coefficient of friction may be considered as that value which, when multiplied 
by the pressure normal to the surfaces in contact, gives the measure of the maximum 
frictional re sis tance to motion. 6 Where Wis the weight normal to the surfaces: 
Frictional resistance F . . . 
N 1 . h = \V = N 1 = coeffic1en t of fnct1011. 1 orma we1g t · 
It has been found that the force F required to keep a body in motion differs 
from that required to move it from a state of rest. There must, consequently, be 
two coefficients of friction: Coefficient of static friction N which may differ from 
N1 coefficient of kinetic friction . 
4. Soc. of Chem. Industry, Vol. 39, 1920, Page 51 T. 
5. Soc. of Chem. Industry, Vol. 39, 1920, Page 52T. 
6. Lubrication and Lubricants. ArchbutL and Deeley, p. 7. 
TESTS ON LUBRICATING OILS J 
EXPERIMENT AL 
The Deeley 7 machine consists essentially of two opposing surfaces. Figure 1 
shows the machine and accessories. The upper surface is in the form of three pegs, 
the flattened ends of which each measure 5/32 inches in diameter; the lower sur-
face is in the form of a disc, 3 and 3 /8 inches in diameter. The pegs are spaced 
upon the underside of the weight frame which is free to rotate and are centered 
coaxially with the disc. With the weight frame alone in position, the load upon 
the rubbing surface is ten pounds per square inch. By means of weights supplied 
with the machine, the load is increased ten pounds at a time, to one hundred pounds 
to the square inch. The disc rests in a brass circular pan and is flooded, usually to a 
depth of three-sixteenth inches, with the oil which is to be tested. The pan can be 
rotated slowly and steadily either by hand power or by means of a small motor. 
Throughout this work a motor was used. 
FIG.I FIG.II 
\Vhen the pan is rotated, the disc and weight frame being in place, the friction 
between the upper and lower surfaces, (i. e. pegs and the disc), rotates the weight 
frame to which the pegs are attached. 
Two vertical piliars attached to the weight frame, Fig. 3, engage the cross head 
of a torque measuring device, which is a spindle attached to a coiled spring. As the 
7. For <lescription of the Deeley machine, Journal Automotive Engineers, Vol. XI, Aug. 1922 1 p. 145. 
Proceed ing s of the Physical Society. London. XXXII, Part II. F eb. 15 1920. 
Report of Lubricants and Lubrication Inquiry Committee ot G1c"t Rritain, 1920 . 
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disc rotates, it carries the weight frame around with it and thus winds up the spring 
until the two opposing friction surfaces slip. At this point, the static friction of the 
surfaces is balanced by the strain on the spring. The value of stress producing thi s 
strain is measured by the fingers and scales in the glass covered box which constitutes 
the upper part of the machine, Fig. 2. The fingers are prevented from returning to 
zero before a reading can be taken, by means of a pawl and ratchet. 
The speed of the motor, supplying power to the machine, is regulated through-
out this work until the pan turns at the rate of six revolutions per minute. From 
five to ten readings are taken for each load and the average of these is substituted 
in the formula given below for the calculation of the coefficient of static friction. 
The room temperature is kept approximately constant for each run, but varied 
slightly from day to day as recorded. 
FIG.ID 
Weight Frame of Deeley Machine 
The coefficient of static friction is calculated from the following formula: 8 
R 
F = 10 CL 
F is the coefficient of static friction 
R the reading on the scale 
C the constant of the machine (34.25) 
L the load in pounds per square inch 
The efficiency of the oil as a lubricant is found from the coefficient of friction as 
follows: 
Efficiency = 100 - (Static coefficient x 100) 
lOR 
= 100 (1 - CL ) 
The coefficients of friction determined are accurate to the third decimal place 
only, and efficiencies to the first decimal place only. 
At least two runs are made for each sample of oil and the average coefficients 
of static friction (F) are recorded in Tables and plotted as curves, loads (L) against 
coefficient of static friction (F). In case the runs are not fairly smooth and do not 
check fairly well, additional ones are made, and the average coefficients of static 
friction from all of the runs are recorded and plotted as curves. 
8. P roceed ings of the Physica l Soc;e,y of London XXXII, Pa rt II, F eb, 15, 1920. 
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The manufacturers of the Deeley machine state that frictional values are not 
affected!by ordinary changes in room temperature. 
Bec"ause it is impossible, in making these machines, to get springs of the same 
camber, the makers calibrate each machine and determine the factor by which the 
scale readings may be converted into coefficients of friction. 
Figure IV 
Deeley Machine &c. 
a. Weight frame k. Thumb screw 
b. Bronze pan I. Gears 
c. Driving wheel m. Disc clutch 
d. Motor n. Belt 
e. Pillars of weight frame o. Sliding base 
f. Spindle p. Screw 
g. Spring q. Rheostat 
h. Dial. (Glass covered). r. Disc 
I. Thumb screw s. Weights 
J. Pushbutton t . Box 
Preparation of Surfaces 
After each run, the surfaces are wiped free of excess oil and are ground upon a 
steel lap, with olive oil and flour of carborundum, until both the pegs and the disc seem 
smooth. Both are then thoroughly washed with ether to remove the oil. The pegs 
are then ground upon a carborundum disc, (supplied with the machine), until they 
are uniform and carry a fairly high polish. The friction surface of the disc is carefully 
ground by ineans of a metal rubber, (supplied with the machine), with flour of car-
borundum and water. 
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Figure V 
Ozone Apparatus 
a. Wood panel and stand 
b. Ozone generator 
c. Radiation fins 
d. Removable fibre plate 
e. Wire 
f. Wire 
g. Drying tube 
h. Wash bottle 
1. Tank-oxygen 
J. Container for oil 
k. Brass outlet 
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The carborundum is washed off by means of cold running water which adheres to 
the whole of the surface provided all of the oil has been removed . The surface is 
t·hen dried with clean blotting paper and heated gently to about 110° F, to drive 
off practically all of the moisture. When dry, the disc is at once wetted with the oil 
that is to be tested. 
The pegs, after being carefully ground upon the carborundum disc, which is 
as nearly flat as possible, are wiped with blotting paper to remove all particles of 
grit, and are at once wetted with the oil to be tested. 
This treatment is an attempt to insure nearly uniform surfaces, uncontaminated 
by oil and other films. 
Ozone Treatment 
Ozone is prepared from pure oxygen by a laboratory ozonizer, manufactured by 
the U.S. Ozone Company of Scottdale, Pennsylvania. 
Each oil is treated with ozone for eight hours at room temperature and also for 
longer periods and at different temperatures as recorded for each case. The treat-
ment is carried out in the following way: 
The ozone, together with some oxygen, is led directly from the ozonizer, (coming 
in contact with glass tubing only), into about 250cc of oil through which it is allowed 
to bubble steadily and slowly. 
The oil, in each case, is contained in a glass cylinder approximately 12 inches 
high and 1 and ¾' inches in diameter. The ozone is led to the bottom of the cylinder 
by means of a glass delivery tube connected with the brass outlet9 of the ozonizer and 
.is, in this way, forced to bubble through practically the entire column of the oil. 
No attempt is made to estimate the ozone quantitatively; it is therefore im-
possible to repeat these experiments exactly, but it is believed that a fairly good idea 
of the effect of ozone, or oxidation by ozone, may be obtained from the measurements 
recorded in this bulletin. 
1. The iodine number is determined by the Hi.ibl method. 
2. Acid numbers are determined by standard methods of testing lubricants: 10 
That is, the oil is dissolved in alcohol, which has been· previously neutralized; 
an equal volume of water is added, and the mixture heated to boiling and titrated 
while hot, with a very dilute aqueous solution of potassium hydroxide (approximate-
ly 0.09N). The acid number is reported in milligrams of potassium hydroxide re-
quired to neutralize one gram of oil. 
Some difficulty is experienced in determining the endpoint when phenolphtha-
lein is used as indicator, in the case of oils which after treatment with ozone, are 
·very dark, often almost black in color; alkali blue 6B is used as indicator in these 
cases.n 
The acid numbers as determined should perhaps be considered as comparative 
rather than as very accurate. 
3. Specific Gravity is determined in each case by the P ycnome ter method at 
temperatures indicated. 
9. The brass outlet fits loosely into the glass tubing, the joint beino made tight with asbestos packing 
10. D 88-24T A. S. T. M. 
Also Bureau o f Mines Technical Paper. 32J A. Method 30+. 
11. The acid numbers of untreated oils were found to be approximcitely the same wheth~r alkali blue 6B or 
phenolphthalein was used as indicator. 
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4. Surface Tension is measured by a Traube Stalagmometer and is calculated 
. Y1 N2d, 
from the equat10n y 2 = N,d, 
Y, is surface tension of water 
Y2 is surface tension of oil 
N 1 is the number of drops of water 
Nz is the number of drops of oil 
d, is the density of water 
d2 is the density of oil. 
5. lnterfacial Tension (oil-water) is measured by a Traube Stalagmometer al-
lowing water to drop into oil contained in a small cup. 
F 
Calculations are based upon Tate's Formula Y = 
21rr<f, 
Y represents interfacial tension 
F the force upon the drop 
21r r <f, is a constant 
Y is proportional to F, and Fis proportional to the expression: 
Dw - Do h D . d . f N , w ere w 1s ens1ty o water, and 
D 0 is density of oil 
N is the number of drops. 
The imerfacial tension expressed in arbitrary units, represented by A, is evalu-
ated from this expression and obtained from the equation: 
A = Dw - Do X lQS 
N 
It is obvious that this equation gives relative values only, for interfacial ten-
sion for substances when the same stalagmometer tube is used. 
The temperature at which the interfacial tension is measured is noted in each 
case . 
In order to keep the temperature approximately constant the stalagmometer 
is immersed in a water bath. 
N. B. - - - Dw is taken as 0.9978. Handbook of Chemistry and Physics. 
· 6. Viscosity is determined, in some cases by a Standard Saybolt Universal 
Viscometer and reported in Saybolt seconds, and in others by means of an Ostwald 
Viscometer as modified by Washburn . When viscosity is determined by the latter 
means it is reported both as relative viscosity and as absolute viscosity. 
Relative viscosity is calculated from the equation 
d,t, 
Where n is relative viscosity 
d, is density of oil 
n = 
d1t, 
d1 is density of liquid used as comparison (water) 
t, is time of flow (in seconds) of oil 
t 1 is time of flow (in seconds) of water. 
b 1 . . . f . n, d,t, A so ute v1scos1ty 1s calculated rom the equation - = -
n1 d,t, 
n, represents absolute viscosity of oil in poises. 
n, represents absolute viscosity of water. 
For other constants in the equation see Relative Viscosity. 
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7. Index of Refraction is measured by means of an Abbe Refractonometer. 
8. Flash Points are determined by means of a Pensky-Martins Closed Cup 
tester. 
Contrary to common practice, both of the friction surfaces throughout this 
investigation have been of the same metal-cold rolled steel, analysis of which fol-
lows: 
The property of "oiliness" must be a property of the metal as well as that of the 
oil if, as we suppose, (see Discussion, page 31 et seq) lubrication depends upon the 
formation of a film formed by the oil and the metal and adhering to the surface of 
the metal. This work is now being continued using the surfaces of different metals. 
Analysis of steel used for friction surfaces: 
Silicon .... .................. .... .................... 0.007% 
Sulfur ............................................. 0.120% 
Carbon ........ ........................... ........ 0.080% 
Phosphorus ....................................... none 
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DISCUSSION 
IODINE NUMBER 
It has been mentioned by Wells and Southcombe,12 Ubbelohde and others, that 
only those liquids which will spread over the surface of solids, or wet them, can be 
considered as lubricants. This property (or capacity) of an oil for spreading upon a 
metal is thought by Wells and Southcombe and by others to be partly physical and 
partly chemical, due probably "to residual valence". These authors (Wells and 
Southcombe) consider that the effect is to render the transition layer between liquid 
and solid less abrupt. This may be brought about by chemical action across the 
transition layer by the solubility of some third substance in both phases. 
Dunstand and Thole13 consider that all good mineral lubricating oils contain 
unsaturated molecules. This would lead to the general conclusion that mineral oils 
with a high iodine number would give lower coefficients of static friction than those 
with lower iodine numbers.14 
Assuming that adsorbed films are formed upon the surfaces of metals when in 
contact with lubricants, it might very reasonably be supposed that an oil having a 
high iodine number would tend to be more readily adsorbed upon the surface of the 
metal than one having a lower iodine number. Confirmation of this assumption 
would seem to be found in the fact that animal and vegetable oils, having a much 
higher iodine number than mineral oils, are, in general, much the better lubricants; 
apparently this relation does not hold, however, when different mineral oils are 
compared inter se, if it is assumed that a lower coefficient of static friction, as de-
termined by the Deeley machine, is a measure of the lubricating value of the oil. 
For instance, it may be noted that Lubricant Number III with an iodine number ot 
6.61 shows a considerably lower average coefficient of static friction than Lubricant 
Number II with an iodine number of 14.42. Lubricant Number IV with an iodine 
number of 12.73 shows a higher average coefficient of static friction than any of 
the other untreated oils, though Lubricant Number II (iodine number 14.42) and 
Lubricant Number VI (iodine number 13.70) are the only samples showing iodine 
numbers greater than Lubricant Number IV. 
Treatment with ozone lowers the iodine number in the case of each of the lubri-
cants treated except that of Lubricant Number V. 
ACID NUMBER 
The assertion is not infrequently made that there is a tendency for chemical 
activity between the metal surfaces of the bearing and the journal on the one hand, 
and an oil containing fatty acids on the other, this tendency being less prominent 
in the case of neutral mineral oil. If we believe that lubrication is due to a film formed 
of the oil and metal, we should expect, as Wells and Southcombe15 have shown, more of 
a tendency to reaction when oils contain acid, fatt y or mineral, than when the cil is 
neutral. The addition of fatty acids to mineral lubricants has been shown by Hyde16 
to improve the lubricating value of the oil, i. e., to reduce the coefficient of static 
friction as measured by the Deeley machine. 
While it is true in most cases that treatment with ozone increases the acid num-
ber very considerably and lowers the coefficient of static friction, nevertheless the 
results of the experiments recorded here do not, in every case, fulfill this expectation, 
12. J our. Soc. Chem. Ind. Vol. 30 p. 51T. 
13. J our. of the In stitute of Pet. Tech. Vol. IV pp. 191 -228, 1918. 
14. It should be noted that the iodine number may indicate substitution as well as addition . 
15. Jour. Soc. of Chem . Ind., Vol. 39, p. 53T, 1920. 
16. Hyde, J. H., Engineering, p. 708-9, June lU, 1921. 
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but would seem to be more in accord with the idea of Wilson and Barnard 17• "That 
the fatty acid is concentrated in a surface film by a selective adsorptive force at the 
metal surface". For example, Lubricant Number I shows an increase in acid number 
for the first two treatments with ozone, while the average coefficient of static friction, 
though decreasing for all loads with the first two treatments, increases for all loads 
with the longest treatment above that of the second treatment, except for 70 and 
100 pounds, but is lower for allloads than the average coefficient for the untreated 
oil. Lubricant Number II in general shows decrease of the average coefficient of 
static friction with increase of acid number; for exception see curve . 
Lubricant Number III shows an increase in acid number for each treatment; 
the average coefficient of static friction is increased for all loads by first treatment; 
but upon further treatment it may be said in general that the coefficient of static 
friction is slightly decreased or remains about the same for the lighter loads, but 
shows some slight increase for the heavier ones. Lubricant Numbers IV, V, and VI 
show increase in acid number for each treatment and the average coefficient of static 
friction is decreased by each treatment for all loads . In Lubricant Number VII 
acid number is increased with each treatment, and the average coefficient of static 
friction is decreased for each treatment for loads up to seventy pounds per S'.:juare 
inch. Load of eighty pounds per square inch shows an average coefficient which is 
the same as chat for the untreated oil and for the oil after the first treatment with 
slight decrease for second treatment. Load for ninety pounds per square inch shows a 
slightly greater coefficient of static friction after the first treatment than that shown 
by the untreated oil, but shows decrease with second treatment . For load of one 
hundred pounds per square inch the average coefficient of static friction decreases 
with each treatment. Lubricant Number VIII shows a marked increase in acid 
number for each treatment. The average coefficient of static friclion shows marked 
decrease for all loads after the first treatment with ozone but increase with second 
treatment above that of first treatment but is lower for all loads, except that of ten 
pounds per square inch, than that shown by the untreated oil. 
SURFACE TENSION 
Reference has already been made to Ubbelohde's statement that only such liquids 
as wet the surfaces of metals can be considered as lubricants; also that it is necessary 
that a lubricant make its way, it may be by capillarity, into the narrow clearances 
between the friction surfaces. Wells and Southcombe18 mention that certain theoreti-
cal considerations point to the conclusion that "the permanence of liquid films 
depend upon capillary relationships" though the generally accepted idea was that 
there was no very close relationship between capillarity and the property of "oili-
ness". Nevertheless, in the report of the Lubricants and Lubrication Inquiry Com-
mittee of Great Britain which was appointed about 1920, one of the properties of 
oils which was mentioned as being desirable to investigate was surface tension and 
its variation with temperature. 
It would seem worth while, therefore, in view of this statement, to measure the 
surface tension of these oils which are being investigated. 
INTERF ACIAL TENSION 
The surface tension usually measured is that of oil against air; it is of course 
impossible to measure the surface tension between oil and a solid metal; Wells and 
Southcombe19 conceived the idea of measuring the surface tension of oil against water 
17. }our. Automotive Engineers, Vol. XI, p. 147, 1922. 
18 . J ournal Soc. Chem. Inds. Vol. 39, p. 52T 1920. 
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(an immiscible liquid) in the hope, as they remark, that this might furnish some idea 
of the "oiliness" of the oil. These authors find that the interfacial tension against water 
of the animal and vegetable oils, is much lower. than that of mineral oils. They men-
tion that the removal of free fatty acids from saponifiable oils, causes the tension to 
rise, and that the addition of free fatty acids to mineral oils, causes the tension to 
be lowered. This property was found to be distinctly different in the case of the 
saponifiable oils on the one hand, and mineral oils on the other, and this difference 
seemed to be directly related to the lubricating properties of these two classes of 
oils: that is, the saponifiable oils give lower coefficients of friction than mineral 
oils and they also show a lower interfacial tension against water. 
Wells and Southcombe consider that they have proven that the lowering of 
interfacial tension of fatty oils against water is due to the slight content of free fatty 
acid. 
Lewis says, "One may conclude with some confidence that the addition of 
organic acid will lower the tension of any metal-oil surfaces".20 Wells and Southcombe 
point out that the permanency of films is dependent upon diminished interfacial 
tension between the oil and the metal in contact with it. If this film should be broken, 
to quote from their paper, "the possibility of its reuniting to form an unbroken 
layer, depends entirely upon the interfacial tension being low". "Any substance 
that lowers the interfacial tension, causes the liquid to spread over a larger area of 
solids; therefore, if a substance is added to any oil which brings about a lowering of 
interfacial tension, such addition will tend to prevent the rupture of the film". 
Barnard and Wilson, after some discussion upon this subject, state that "lower-
ing of interfacial energy (equal numerically to interfacial tension) is only a measure of 
the tendency of some constituent to concentrate at the metal surface": "Whether or 
not this results in a lowering of the coefficient of friction depends almost wholly on 
the nature and structure of this adsorbed film." 21 These authors mention in this 
connection, the fact that a 2% addition of para-cresol and of ~tearic acid to mineral 
oil will each lower the interfacial tension against mercury; both are therefore con-
centrated at the surface; but while the stearic acid film lowers the coefficient of 
friction very much, the para-cresol film seems to give a rather higher coefficient 
than the oil alone. If the interfacial tension between oil and mercury is assumed to 
be a criterion of that between oil and solid metal, it is evident that these values 
cannot have a direct bearing upon the value of the coefficient of friction. 
The interfacial tension of each of the oils treated and untreated, is measured 
against water, water is dropped into oil by a modification of the method used by 
Wells and Southcombe. It may be noted that .he addition of ozone to olive oil at 
once lowers surface tension, raises interfacial tension, and raises the coefficient of 
friction. The latter may be in part due to the much greater viscosity of the oil after 
treatment. 
Lubricants Nos . I, II, (II not regular) VI, VII, VIII in general show decrease of 
in erfacial ension and decrease of coefficien of friction after treatment with ozone. 
Number III is irregular. 
VISCOSITY 
The coefficient of static friction as determined by the Deeley machine, is 
considered to be influenced but little by the viscosity of oil; nevertheless, the great 
19. ]our. Soc. Chem. Ind . Vol. 39, p. 52T 1920. 
20. ]our. Soc. Chem. Ind. Vol. 39, p. 53T 1920. 
21. ]our. Soc. of Automotive Engineers, p. 151 Aug. 1922. 
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increase in viscosity noted in the case of olive oil after treatment with ozone may, 
in part at least, account for the increase in value of the coefficient of friction. 
The viscosity of each mineral oil is increased by treatment with ozone though 
to" a less degree than in the case of olive oil. 
For comparison of effect upon average coefficients of friction see curves of each 
oil. 
INDEX OF REFRACTION 
The index of refraction of each lubricant decreases with each treatment of 
ozone except in cases of lubricants Numbers VI and VII. VI shows increase when 
treated for considerable time with ozone and then decrease with further treatment. 
VII shows decrease with first treatment and increase with further treatment. 
DISCUSSION 
The ability of an oil to form a film upon the surface of metals or the "oiliness", 
as it is often called, may be considered to be the real difference between good and 
poor lubricants or between lubricants and non-lubricants. The results of some ex-
periments seem to indicate that oiliness is an effect produced by a lubricant upon the 
metallic surfaces with which it is in contact rather than the property of the lubricant 
as a liquid. H. S. Allen has pointed out that, on Langmuir's view, oiliness depends 
on the chemical forces called into play between the outer part of the oil molecule 
and the solid surfaces of the bearing. 
There are various opinions concerning the nature and thickness of the film 
found on the surface of the metal. The statement made by some authors is that in 
many cases the adsorbed film on the surface of a metal when it has been touched 
by a lubricant, is only one molecule thick, i. e., Langmuir'' has calculated from 
Szyszkowsky's formula and has obtained results which are in good agreement with 
other results, when he assumes that the adsorption layer consists of only one layer 
of molecules of fatty acid. 
Wilson and Barnard make the following statements concerning the nature of 
these films: "Upon the basis of these and some other preliminary results, plus certain 
theoretical considerations, we believe that a partial lubricating film, to be effective in 
reducing coefficient of friction between metal surfaces under high pressures, must 
possess the properties of a solid rather than of a liquid film and thus be of colloidal 
rather than of ordinary molecular dimensions." 23 
Dunstan and Thole remark that "Recent work on colloid chemistry points to 
the fact that heavy oils must be included in the category of iso-colloids; i. e., poly-
phase systems in which the disperse component is of the same chemical nature as 
the dispersion medium." 24 Quoting from Deeley's paper W. Ostwald states, "That 
whenever the colloid comes into contact with a surface, it fails to maintain a uniform 
special distribution". 25 "On the surfaces of contact the concentration becomes dif-
ferent than that obtaining in the inner parts of the colloid mass. Usually the colloid 
tends to concentrate on the surfaces. This is what is understood to be adsorption". 
Hardy considers that with a true lubricant, "A film of the order 1 millionth micron 
in thickness is sufficient to cause two glass surfaces to slide over each other with a 
minimum friction," and concludes, "that lubrication depends wholly on the chemical 
constitution of a fluid," and that "the true lubricant is always a fluid which is ad-
22. Colloid and Capillary Chemistry, Herbert Freundiich, p. 314-317. 
23. Jour. of Society of Automotive Engineers. p. 151, Aug. 1922. 
24. Oiliness and Lubrication, R. Montford and Deeley, Proc. of the Phys. Soc. London Feb. 15, 1920 
25. Introduction to Theoretical and Applied Colloid Chemistry, p. 87, 1917. 
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sorbed by the solid face. If this is so, then 
the problem of lubrication is merely a special 
problem of colloid physics."26 
CLOGGING OF CAPILLARIES 
Though it seems to be generally assumed 
that adsorbed films are formed upon surfaces 
of metals which are in contact with lubri-
cants, there is apparently very little known 
as to properties -or thickness of these films. 
Wilson and Barnard conceived the idea that 
some light might be thrown upon this rather 
elusive subject by causing the oils with what 
they call "film-forming tendencies" to flow 
through fine metal capillaries. These investi-
gators consider the results of their experi-
ments to be, (quoting from their paper), 
"satisfactory confirmation of previous experi-
ments."27 However, because they saw no 
way of making quantitative comparisons be-
tween oils, they discontinued this line of 
work. It occurred to the writer that, although 
the comparisons might be qualitative, this 
method of testing oils might throw some light 
upon their oiliness or upon their tendency to 
form these films. Accordingly an apparatus 
similar to the one used by Wilson and Barnard 
was procured, (see Figure VI) and Lubricant 
No .III, after having been filtered through 200 
mesh copper gauze, was run through a cast-
iron capillary of 0.018 inch diameter and 
0.197 inch long. 
Very erratic results were obtained from 
this experiment, as is indicated by the curves. 
Plate 12 shews data in terms of percentage of 
the weight flowing in the first IO-minute per-
iod, before appreciable clogging could have 
taken place. This is the method of plotting 
used by Wilson and Barnard. Because these 
results were so very erratic, it was decided to 
try the same experiment using the same kind 
of oil (Lubricant No. I) as that used by Wilson 
and Barnard, and, like them, using a steel cap-
illary. The results are somewhat similar to 
those of the above mentioned authors though 
they do not check quantitatively; this is a 
very common experience in oil work. We sub-
mit these results for what they may be worth. 
26. Problem in Luhr. J our. of Chem. Ind. Vol. 38, p. 7T, 
1919 (quoted above). Also Proceedings Physical So-
ciety London, Vol. XXXII, Part II Feb. 1920. 
27. Jour. Automotive Engineers, Vol. XI, Aug. 1922, p. 152. 
figure VI 
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CONCLUSION 
All of the lubricants investigated are affected by prolonged treatment with 
ozone (see tables). 
The results obtained in the course uf this investigation indicate that there is no 
definite relation between any of the chemical and physical properties recorded and 
the "oiliness" of the lubricants. 
In general, the readings of the Deeley machine are more regular after the lubri-
cant has been treated with ozone, than before treatment. 
There are indications that the lubricants are inclined to corrode metals in con-
tact with them for a rather long period of time, after prolonged treatment with ozone 
though this property has not yet been investigated. 
We acknowledge with thanks the kindness of several manufacturers of petro-
leum products in supplying us with the kinds of oil required in this investigation. 
OILS 
Olive oil was treated with ozone for the purpose of comparing the effect of 
ozonization at room temperature upon vegetable oils with that upon mineral oils. 
SUMMARY OF TESTS ON OLIVE OIL 
Flash Point; untreated 230° C. 
VVhen treated 8 hours with ozone at room temperature,-
1. Iodine Number showed a marked decrease. 
2. Acid Number, a marked increase. 
3. Specific gravity, an increase. 
4. Surface tension, a decrease. 
5. lnterfacial tension, an increase. 
6. Viscosity, a marked increase. 
7. Index of refraction, an increase. 
8. Color,- becomes white. 
9. Average coefficient of static friction,-becomes greater for all loads. 
10. Efficiency, the converse of coefficient of static friction becomes less. 
TABLE 1.- 0LivE OIL 
I nt er-
Iod ine Ac id Surface fa cial Viscos ity 
Nu mbe r N um ber Specific G ravity T ension T ensio n Ab solute 
Oil-,vater 
per cent MgKOH 22°c 22 °C A r- 22°c 
iod ine per gm 15 .5 °C 22°c D ynes bi trary Poises 
oil pe r cm . Uni ts 
-- - -
Un t re ated ___ ____ ____ 84. 27 1 . 4 0. 918 0. 915 33 .06 1061 .H 0 . 7937 
T rea ted 8 H ours with 
Ozo ne ___ _ .. ____ ____ 69.64 9. 4 0. 939 0.936 32.29 11 69. 81 I. 5 868 
Index of 
R e-
fra ctio n 
--- -
1.4880 
1.4881 
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TABLE 2 .-OLIVE OIL U N TREATED 
Pounds 
per sq. in. 10 20 30 40 50 60 70 80 90 100 
------ ------ - - - --- ------
7 .01 13.51 20.04 25 .01 30.03 32.50 36 .01 39.02 44 .03 48 .01 
7 .0 1 13 . 53 20 .05 25 .53 29.52 32 .03 35 . 51 40.52 45.04 47 .02 
8 .01 14.03 19. 52 25 .02 30.53 31.03 36 .51 39.53 43 . 53 45 .52 
7 .01 14 .01 19 .53 25 .03 J0 .03 32 .02 36 .01 40 .52 43.53 46.03 
7. 51 14 .01 21.01 24 .52 30 .02 32 .51 36.03 42 .02 43.04 46 .02 
7 .01 14 .52 19. 51 24 .53 30.02 32 . 51 36 .02 39 .02 43 . 54 46.53 
7 .52 15 .02 20.04 25 .54 29 . 53 32 ._53 36.01 39.02 42 .54 47.01 
7 .52 14 .52 20 .04 25 .02 29.5 1 32.03 35 .52 39.53 43 .03 47.02 
7 .so 13 .51 20.02 26.04' 29.52 32 .50 35. 52 39 .03 43.02 46.02 
7.50 14 .01 20.04 25 . 53 29 . 53 33 .01 35 .52 41.04 42.03 46 . 54 
---------- - - - ----- - ·--------
Average 
Read ing 7. 36 14.07 19.98 25 . 18 29.82 32.27 35.87 39 .92 43 . 33 46 .57 
F. 0 . 215 o. 205 0 . 194 0. 184 0.174 0.157 0.150 0.146 0.140 0.136 
Efficiency 78 .5 79.5 80.6 81. 6 82.6 84 . 3 85 .o 85.4 86.0 86 .4 
TAB L E 3.-OLIVE O IL-TREATED 8 HouRs WITH OzoNE AT RooM TEMPERATURE 
Pounds 
per sq. in . 10 20 30 40 50 60 70 80 90 100 
------- ----- --- ------ - - -
8.01 15. 52 21.52 27 .03 31. 51 38 .51 42 .54 48 .50 52.00 58 .52 
7 . 51 16.03 22.02 27. 51 33 .52 38.05 43 .05 47.51 53 .03 56.03 
8 .01 15 .02 21. 52 28 .02 33.5 1 37 .01 44 .01 50.01 53 .01 56 . 51 
8.01 15 .02 21.52 27 .03 33 . 52 37 . 51 43 .52 48.52 51. 51 57. 51 
8.01 15. 51 21.02 27 .02 34.02 38 .51 45 .52 48.02 52. 53 57 .03 
8.50 16 .02 21.54 27 .03 32.5 1 39.02 44 .02 47 .51 52 .04 56.5 1 
8 .02 15 .51 21. 53 27 .53 31.53 39.54 42.5 3 47.51 52.02 58 .53 
8.01 15 .03 21. 52 27 .52 32.50 39 .52 43 .03 47 .52 52 .51 56 .04 
8 .01 15 . 01 21.02 27 .52 33 .52 37 .02 43.02 48.50 52 .02 56 .51 
8.50 15 .50 21. 01 28.52 33 .52 38 .04 44 .02 47 .51 52 . 51 58 .04 
- ----- - - - - - - - ----- --- ------
Average 
Reading 8.06 15 . 42 21.42 27 .47 32 . 97 38.27 43 .53 48 . 11 52.32 57 . 12 
F. 0 . 235 0 . 225 0.208 0 . 200 0.192 0 . 186 0 . 181 0. 175 0 . 170 0.167 
Efficiency 76.5 77.5 79. 2 80.0 80.8 81. 4 81. 8 82 .5 83 .o 83 . 3 
TABLE 4 .-AVERAGE VALUES OF F FOR OLIVE OIL 
Pounds 
per sq. in . 10 20 30 40 50 60 70 80 90 100 
------ - -- - -- - - - ---- -----
Olive Oil 
Untreated 0.206 0 . 196 0 . 186 0. 177 0.169 0.160 0 . 153 0.149 0 . 144 0 . 139 
Olive Oil 
after 8 hours 
ozone treat-
ment 0 . 244 0 .226 o. 213 0.202 0.193 0 .187 0 . 183 0 . 179 0.173 0 . 170 
TABLE 5.-AVERAGE VALUES OF EFFICIENCY FOR OLIVE OIL 
Pounds 
per sq. in . 10 20 30 40 50 60 70 80 90 100 
--- - ----- --- - - - - -- - -- - - -
Olive Oil 
U nt reated 79.4 80 .4 81.4 82. 3 83.l 84 .0 84. 7 85 . 1 85 .6 86 . 1 
Olive Oil 
after 8 hours 
ozone treat-
ment 75 .6 77 .4 78. 7 79.8 80. 7 81. 3 81. 7 82 . 1 82. 7 83 .0 
()./80 
tJ./70 
t)./6() 
a1so 
tJ./40 
l=l=l++t=l=l++t=l=l::++tl=l::++$:t11=1+tt=l=l++l=l=l=++tl=l::++tl=11=1++1=11=1++tl=l++tl=l:tttl=1:tttl=1::tt+ttl::ttttl::ttttlj::j:ttl 
1=1=++tl=l::++tl=11=1++t=l=l++t=l=l+ttl=l:+ttl=l:+++J::1::j:::j::j::J::11=1::j:tj::tl::j:tj::l=l::j:tttl:+tttl::t::tttlj::j:tttl:.J:tttl:.J:tttljj::ttL--'r 
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SUMMARY OF TESTS ON LUBRICANT NUMBER I 
Treated 
8 hrs. at room temperature Flash point of untreated oil-188° c-
16 hrs. at room temperature 
25 hrs. at room temperature 
Surface Tension and Interfacial Tension: Slight difference between 16 and 25 hr. 
treatment. This, with the observed acid and iodine numbers, seem to indicate that 
there was but small further change effected by the ozone after 16 hr. treatment. 
1. Iodine Number Decrease for each of first two treatments. 
2. Acid Number 
3. Specific Gravity 
4. Surface Tension 
5. Interfacial Tension 
6. Viscosity 
7. Index of Refraction 
8. Colors 
9. Average Coefficient 
of Static Friction 
10. Average Efficiency 
Iodine 
Oil Number 
per cent 
iodine 
Untreated ________ - ··- 10.96 
Treated 8 hours with 
ozone at room temper-
ature _______________ 6.63 
Treated 16 hours with 
ozone at room temper-
a ture _____ - _________ 2.32 
Treated 25 hours with 
ozone at room temp er-
ature _ ______________ 3. 72 
Iodine number 2.32 of oil treated 16 hours at room 
temperature is below limit of accuracy of determi-
nation,-as it is also for oil treated 25 hours at room 
temperature (3.72). (After second treatment with 
ozone the iodine number has become so small that 
its determination is considered to be inaccurate, i. e., 
below5.) 
Increase with each of first two treatments, with 
third treatment remains same as for second. 
Increase with each treatment. 
Increase with each treatment. 
Decrease with each treatment. 
Increase with each treatment. 
Decrease with each treatment. 
Untreated-Clear and bright in color with greenish 
bloom. Upon treatment with ozone, the oil lost its 
bloom almost immediately. Darkened in color to-
ward the end of the 8 hour treatmen c, a dark, tarry 
substance separated, first as a gelatinous precipitate, 
which later adhered firmly to the container. The 
quantity of this material increased by longer treat-
ments with ozone. 
Decrease shown for all loads for first two treatments. 
The sample of oil treated 25 hours with ozone at 
room temperature shows an increase in coefficient 
of static friction for all loads up to 70 lbs. per square 
inch; for heavier loads, decrease. 
Exact converse of average coefficient of static friction. 
TABLE 6.-LUBRICANT NUMBER I 
Inter- Index of 
Acid Surface facial Viscosity Re-
Number Specific Gravity Tension Tension Absolute fraction 
Oil-water 
22°c 22°C Ar- 22°c 
MgKOH lS ½°C 22°c Dynes bitrary Poises 
per cm. Units 
0.3 0.884 0.881 30_84 1940.0 0.6476 1.5020 
4.8 0. 891 0. 887 30_93 644.3 0. 7560 1. 5005 
5. 8 0.893 0.889 31. 21 578.2 0. 8652 1.4981 
5.8 0 .913 0 .911 31.34 573 .9 0.9360 
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TABLE 7 .-LUBRI CANT NUMBER I. UNTREATED 
Pounds 
per sq. in. 10 20 30 40 50 60 70 80 90 100 
--------- -------------
9.53 19.02 27 .53 34.02 42.53 49 .04 58.04 63 .03 70.02 77 .53 
9.02 19.52 26.04 34.54 40.02 47. 52 58.03 62.02 69.04 76.52 
9 .51 19.02 28.04 34 .01 43 .03 47.01 57 .02 63 .54 69.53 75 .04 
9.53 19.5 1 27 . 01 34 .52 42.04 50.54 56.5 1 64.52 69.01 77 .52 
10.02 19.02 27.02 34.53 44.03 48.50 56.01 66.54 71. 52 76.51 
10.02 19.04 27.04 33. 51 41.5 2 48 .50 55.53 65 .52 70.02 78 .54 
10 .02 19 .04 27 .02 34.52 43 .03 49.53 56 .01 63 .02 67 .52 78 .53 
10.01 18 .53 27 .03 34.03 42.04 49.03 56.01 61. 52 74.03 77 .03 
9 . 51 19.02 27 .50 34.04 42.04 49.02 55.5 1 62.04 69.02 74.04 
9.52 19.04 27.01 34.52 42.54 50.03 58.04 61.54 69.53 75.41 
--- --- ---------
Average 
Reading 9.67 19 .08 27 .12 34.22 42 .28 48 . 87 56.67 63.33 69.92 76.67 
F. o. 282 0.278 0.264 0.250 0.247 o. 238 0.236 0.231 0.227 0 .224 
Efficiencv 71.8 72.2 73 .6 75 .0 75. 3 76. 2 76 .4 76.9 77. 3 77 .6 
TABLE 8.-L uBRICANT NuMBER I-TREATED 8 HouRs WITH OzoNE AT RooM TEMPER-
ATURE 
Pounds 
per sq. in. IO 20 30 40 50 60 70 80 90 100 
------------------- ------ ---
8.51 16.01 22.54 28.04 33 .52 38 . 53 44 .53 48.02 53 .03 58.01 
8 .50 16 .04 22.04 28. 52 33.5 1 38. 53 43 .5 1 48.03 53 .04 59 . 03 
8. 50 16.01 22 .54 28. 53 33 .03 38 . 03 43 .54 47 .53 53. 51 59.02 
8. 51 16.01 22. 55 28. 03 33 .52 37. 53 43 .02 48.01 53.51 58. 03 
8.50 16. 52 22.54 28. 04 33.53 37. 54 43.02 47.53 53. 53 58 . 03 
8. 51 16.03 2'2.54 28.03 3 3. 03 38.04 43 . 05 48 .51 53.53 59.03 
8. 51 16 .01 22.54 28 . 52 33 .03 38. 51 42. 53 48 .51 52.52 57 .01 
8.50 16.01 22 .54 28.50 33 .03 38. 51 43 .04 47.50 53 . 03 57. 53 
8. 51 16. 53 22.04 28. 53 33 .03 37 .52 43 .05 48.03 52.04 58.02 
8.50 16 .51 22.04 28.04 33 .03 38.02 43 .03 48.01 52.01 58. 53 
---------------
Average 
Reading 8.50 16.1 7 22 . 39 28. 28 33 . 23 38.08 43. 23 47 .97 52.97 58 . 22 
F. 0.248 0.236 o. 218 0.206 0.194 0.185 0 . 180 0.175 0.172 0.170 
Efficiency 75. 2 76.4 78.2 79.4 80.6 81. 5 82 .0 82 .5 82. 8 83 .0 
TABLE 9.-LuBRICANT NuMBER I-TREATED 16 HouRs WITH OzoNE AT RooM TEMPER-
ATURE 
Pounds 
per sq. in. IO 20 30 40 50 60 70 80 90 100 
- -----------------
8 .03 14. 52 21.03 26.05 32.02 35 .03 40.53 45 .52 50.04 55. 53 
8. 50 15 .04 20. 53 26 .04 31. 51 36.04 40.05 44.53 50.04 54 .54 
8.01 14.5 1 20. 53 26.04 31.03 35. 51 40.53 45 .54 52.02 55 .02 
8.02 14.53 21.02 25 .54 30.54 35. 53 40 .52 44.04 49 .03 55.54 
8.01 15 .02 21.0 1 26.04 30.03 35 .01 40.53 44.53 51 .04 54.54 
8 .03 15 .02 21.04 25 .04 30.54 35. 53 40.04 45 .04 48 .51 55 . 53 
8 .01 15 .02 20. 53 25 .54 30.04 35 .04 41.04 45 .5 3 49.52 57.54 
7 .52 15 .02 20.52 25 .52 31.02 35 .5 1 39.05 44.53 49.53 56.63 
8 .02 15 .01 20 .53 25 .52 30.03 35 .02 40 .04 45 .04 49.04 56.04 
8.01 15 .02 20 . 53 25 .04 30.54 35 .04 40.53 44.53 50.54 57 .04 
---- - ----------- ------
Average 
Reading 8.02 14. 87 20. 73 25 .64 30. 73 35. 33 40. 29 44 . 88 49 . 93 55 .79 
F. 0.234 0.217 0 . 202 0.187 0.179 0 .1 72 0.168 0.164 0.162 0.163 
Efficiency 76 .6 78 . 3 79. 8 81. 3 82 .1 82.8 83 . 2 83 .6 83. 8 83 . 7 
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TAB LE 10.-LuBRICANT NuMBER I-TREATED 25 HouRs WITH OzoNE AT RooM TEMPER- . 
ATURE 
Pounds 
_ _ 4_o_l __ 5_o_l __ 6o __ ~-_ _ s_o __ l __ 9_o_ ~ - -
per sq. in. JO 20 30 
--- ---
8. 53 16. 52 23 .04 28. 51 34.03 37. 01 40.53 45. 53 50. 53 55.0-! 
9 .01 16 . 51 22.52 27. 51 33 . 53 36.04 41. 54 45 .04 49. 53 54.54 
9. 51 16.01 22.53 27 .02 33 .03 36.04 41.02 44.54 48. 51 53 .03 
8. 52 16.00 22.52 26. 54 33.03 36. 53 40.53 44.04 49.03 5 3. 53 
9.01 16.52 22.54 27 .02 32.04 37. 01 41.0 f 45 .04 49.03 54.54 
9.03 16. 52 23 .02 27.04 32 . 53 36.01 41. 01 45 .o+ 49.03 53 .03 
9.5 1 16 .01 22 .54 27.04 31. 51 36. 53 40.54 45 .03 49 .03 54.03 
8 . 51 16. 01 22.03 26.04 32 .02 36.01 40. 53 45 .o+ 48.52 53. 53 
9.02 16. 01 21. 53 26.54 32 .01 36.01 40.54 46.04 47 .53 54.03 
9.03 22.03 31. 53 41.54 49. 51 
---- - --- --- ----------- - ---------------
Average 
Reading 8.97 16. 23 22.43 27. 03 32.53 36.35 40 . 88 45.04 49.02 53. 92 
F. 0 . 262 0 . 237 o. 218 0. 197 0.190 0 . 177 0.170 0. 164 0 . 159 o . 157 
Efficiency 73. 8 76. 3 78. 2 80 . 3 81. 0 72.3 83 .0 83. 6 84.1 8+. 3 
TABLE 11.-AvERAGE VAL U ES OF F F OR LUBRICANT NUMBER I 
PounC.s 
per sq . in . JO 20 30 40 50 60 70 80 90 JOO 
--- - ---- --- ------- --- --
Untreated o . 279 0 .266 0.256 0. 242 0. 234 0 . 230 0.218 0. 223 0.219 0. 218 
After 8 
Hours 
Ozone 0.254 u . 236 U.220 0.206 0 .195 0 .185 0.180 0. 174 0. 171 0.169 
Afte r 16 
Honrs 
Ozone 0.24 1 0. 223 0.207 0 .193 0. 184 0. 177 0. 173 0.169 0. 167 0.165 
After 25 
Hours 
Ozone 0.262 o. 239 0. 220 0.200 0. 191 0.1 80 0 .172 0 .165 0. 159 0.157 
TABLE 1 2 .-AVERAGE VALUES OF EFFICIENCY FOR LUBRICANT NUMBER l 
Pounds 
per sq . in . JO 20 30 40 50 60 70 80 90 JOO 
---- - - ·- - - - ---- ----- - -- - --------- - -
Untreated 72 . 1 73 .4 74.4 75. 8 76.6 77.0 78 . 2 77. 7 78. 1 78.2 
After 8 
Hours 
Ozone 74.6 76.4 78 .o 79.4 80.5 81. 5 82 .o 82.6 82. 9 83 1 
After 16 
Hou rs 
Ozone 75 . 9 77. 7 79 .3 80. 7 81. 6 82. 3 82 . 7 83. I 83. 3 83. 5 
Afte r 25 
Hours 
Ozone 73. 8 76. I 78 .o 80 0 80.9 82 .0 82. 8 83 . 5 84 . 1 8+. 3 
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23 
8 hrs at room temperature 
16 hrs. at room temperature 
5 hrs. at 27° C. 
Flash Point of untreated oil- 198° C. 
16 hrs. at 27° C. 
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This oil seemed rather less sensitive to ozone than did Lubricant Number I, as 
is shown by the tables; for this reason after a quantity of oil was treated 8 hrs. 
with ozone, a fresh quantity was treated 16 hrs. with ozone, both at room tempera-
tures; then a fresh sample was treated 5 hrs. with ozone at 27° and still another 
sample was treated with ozone for 16 hrs. at 27°. 
1. Iodine Number Decrease with each treatment except that for 5 hrs. 
at 27° C., which is considerably higher than that 
after the other treatments. 
2. Acid Number Increase with each treatment except that for 5 hrs. 
at 27° C., which is lower than that for 16 hrs. at 
3. Specific Gravity 
4. Surface Tension 
5. Interfacial Tension 
6. Viscosity 
7. Index of Refraction 
8. Color 
9. Average Coefficient 
of Static Friction 
room temperature. 
On the whole is increased by the addition of ozone 
though a slight decrease is shown upon treatment for 
16 hrs. at room temperature, and for five hours at 
27° C. 
Decreased slightly after 8 hrs. treatment, but on 
the whole is increased. (5 hrs. at 27° C. lower than 
8 hours and 16 hrs. at room temperature, and than 
an untreated oil.) 
Decreased. (5 hrs. at 27° C. higher than 16 hrs. at 
room temperature.) 
Increased by each treatment except the 5 hr. treat-
ment at 27° C., which is less than that shown by 
sample of 16 hrs. treatment at room temperature. 
Slight decrease with each treatment. 
Untreated oil is clear and bright in color. After the 
8 hr. treatment, the oil is somewhat darker than the 
untreated sample; but even after the 16 hr. treat-
ment at room temperature, there is no such marked 
change as is effected in the case of Lubricant Number 
I after 8 hrs. treatment with ozone. After the 16 hr. 
treatment with ozone at 27°, the oil became very dark 
in color and a small amount of tarry material sepa-
rated. 
For treatment of 8 hrs. and 16 hrs. at room temper-
ature, and 5 hrs. at 27° C., there is a decrease in 
coefficient of friction for all loads except that of 90 
lbs. per sq . in. In this case the oil treated 8 hrs. gives 
same coefficient of friction as the untreated oil, and 
for a load of 100 lbs. per sq. in. the untreated oil gives 
smaller coefficient of friction, as is shown after each 
of these treatments. The oil treated 16 hrs. with 
ozone at room temperature shows a lower coefficient 
of friction th::n that treated for 8 hrs. at the same 
temperature. For treatment of 16 hrs. at 27° C. the 
average coefficient of friction is higher for all loads 
than that of 5 hours treatment at 27° C. 
Note: Upon standing, the oil after the 16 hr . treat-
ment at room temperature and also sample after 
16 hr. treatment at 27° C. gave a coefficient of 
friction less for all loads than that shown approxi-
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mately two weeks aft er treatment ; excep t loads o f 
90 lbs. (16 hrs.) . 
10. Average Efficiency The efficiency of the oil as a lubrican t is the exac t 
converse of t he average coefficient of static fr iction. 
TABLE 13.-LUBRICANT NUMBER II 
Inter- Index of I Iodine Acid Surface fac ial Viscosity Re-
Oil Number Numhe r Specific Gravity Tension Tension Absolute fraction 
----- -· 
Oil-water 
per cent MgKOH 22°c 22°C Ar- 22°c 
iodine per gm 15½°C 22°c Dynes bitrary Poises 
oil per cm , Units 
- - - --- - - --
Untreated ---- ---- 14.42 0.2 0.896 0.892 30. 79 2593. 0 0.6213 1.5112 
Treated 8 hours with 
ozone at room temper-
ature __ · --- ____ -- --- 11. 20 0. 3 0. 899 0.896 30. 72 1762.6 0 . 7526 1. 5107 
Treated 16 hours with 
ozone at room temper-
ature _ ______ ··---- - -- 10.65 0.7 0.898 0.895 31.10 1593. 3 0. 7648 I .5095 
Treated 5 hours with 
ozone at 27° C ________ 13 .26 0.6 0.898 o. 895 30.58 1910. l 0.7345 I 5093 
Treated 16 hours with 
ozoneat27°C ------ - 7.60 4.2 0.903 0.901 31. 20 1015. 7 0.8498 1.5086 
TABLE 14.- LUBRICANT NUMBER II- UNTREATED 
Pounds 
per sq . in. 10 20 30 40 50 60 70 80 90 100 
-------------------- ---
9.51 18. 53 27 .04 32. 52 39.54 47 .51 54.03 66 .04 66.04 72.53 
10.03 18. 53 26.04 33 .04 40 .53 46.03 54.54 57 .55 66.04 76.04 
9.51 18.54 26.04 32. 53 38 .53 46.04 52. 52 60.53 67.04 74.04 
9 .51 18 . 53 26. 53 32. 51 39.54 46.54 50.54 61.04 63 .54 69.53 
9.51 18 .02 26 . 55 33.52 41.53 46.04 52 .52 64 .04 66 .04 70.04 
9 .5 1 18. 53 26.54 33 .03 40.53 46.54 54.54 60.05 66.54 73 .04 
9.02 25. 55 32.51 38. 53 53 .03 57 .53 69. 23 72 .54 
10.02 26.52 40.05 51.51 62.55 69.03 72 .52 
54 .54 59.54 64.54 70.54 
64.54 69.54 72 .51 
62.04 66.55 77.04 
59.54 71.03 
76 04 
--- --- - ----·--------------- - - -
Average 
Rea.ding 9 .58 18. 45 26. 35 32. 81 39. 85 46. 45 53 .08 61. 25 66. 74 72 . 88 
F. 0.230 0. 269 0. 256 0.239 0. 233 0. 226 0.221 0. 223 0.216 0.2 13 
Efficiency 72. 0 73 . I 74.4 76. I 76. 7 77.4 77.9 77. 7 78.4 78 . 7 
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TABLE 15.-LuBRICANT NuMBER II-TREATED 8 HouRs WITH OzoNE AT RooM TEMPER-
ATURE 
Pounds 
per sq. in. 10 20 30 40 50 60 70 80 90 100 
--------- ---------------------
8.50 19.02 26.04 33 .03 39.02 44.54 52 .04 57 .03 67 .53 70.04 
9.52 17. 02 24.04 32 .00 38.52 49.04 53.04 58 .51 66.04 71.5"2 
9.5"1 18.03 26.54 33.04 38.04 45 .04 49.52 62.04 66.54 73 :03 
9.51 17 .51 26 .. 05 32 .04 39.02 46.52 50.5,2 57 .54 67 .53 75 .54 
9 .51 17.00 25 .04 31. 53 39. 52 46.04 52.04 61.03 66 .55 73. 54 
9.52 18.04 26 .51 30.54 37 .53 43. 52 52. 51 59.54 67 .02 73 .04 
9.03 17. 53 24. 51 32.53 36. 51 47 .03 52.04 63 .52 67 .04 
25.02 32 .53 38.04 51. 51 62.05 
- - -------------------
Average 
R~ading 9. 30 17. 73 25 .47 32 .15 38.27 45 . 96 51.65 60 .16 66.89 72. 78 
F. 0.271 0.259 0.248 0. 235 0. 223 0.224 0. 215 0.219 0.217 0.219 
Efficiency 72.9 74. l 75. 2 76.5 77. 7 77.6 78.5 78 .1 78. 3 78. 8 
TABLE 16.-LUBRICANT NuMBER II-TREATED 16 HouRs YVITH Ozo NE AT RooM TEMPER-
ATURE 
Pounds 
per sq. in . 10 20 30 40 50 60 70 80 90 100 
--- ·--- ---------------
9.01 16. 53 25 .04 31.53 36 .01 46.04 52 .04 60.05 70.54 75 .04 
9.01 20.03 25.04 31.01 36.00 43 .02 54.04 58.04 68 . 53 76 .03 
9.51 17. 53 25 .04 32. 53 36.51 45 .54 51. 51 59 .04 67 .04 77.04 
9 .51 16. 53 26.04 33.54 36 .51 44.52 52 .04 61.54 67 .04 74.54 
8. 52 17 .03 27 .03 30.54 39.52 44.54 51.04 59 .04 66 .54 74.04 
9.01 18. 03 26.54 31. 53 38. 54 44.04 54. 54 60.04 67.02 73. 53 
9. 52 19 .03 26.54 32.01 37 . 51 43 .54 52 .04 60.04 67. 53 75. 54 
18 .5 3 25. 51 40.01 46.54 55.53 60 .54 74.54 
53.03 
--- - ---------------------------
Average 
Reading 9. 15 17. 90 25. 85 3 J. 81 3 7. 58 44. 72 52. 87 59 .79 67. 75 75 .04 
F. 0.267 o. 261 0.251 0.232 0.219 0. 213 o. 220 0.218 0.220 0. 219 
Efficiency 73. 3 73. 9 74.9 76. 8 78.1 78 . 7 78 .o 78.2 78.0 78 .1 
TABLE 17.-LuBRICANT NuMBER II-TREATE D 5 HouRs WITH OzoNE AT 27° C. 
Pounds 
per sq . in. 10 20 30 40 50 60 70 80 90 100 
------------ ---
9.51 18.04 24 .53 30. 53 36.52 43 .04 48.53 53.03 59.52 63 .54 
9.03 18.04 25. O\J 30.54 36. 50 43.04 48 .03 53.53 58.54 61.04 
9.03 17. 53 23.54 30.54 36.00 42 .54 48. 51 53. 51 59. 53 61.04 
9.02 18 .03 24.04 29 . 53 35. 53 44.03 47. 53 53 .53 59.04 63 .04 
9 .03 17 .OJ 24.53 29. 03 36. 53 42.54 48 .03 53.53 58.04 62. 53 
16. 52 23. 54 30.02 37 .03 42.04 47. 53 54.04 58 .04 61. 53 
16. 52 23. 52 29 .53 35 .04 42 .54 47 .03 53 .54 56.52 62 .05 
57 .02 62.54 
58.04 
----- - -------------- ---
Average 
Reading 9 .12 17. 38 24. JO 29. 96 36.16 42. 82 47. 88 53. 53 58 . 25 62. 16 
F. 0.266 .Q.254 0.234 0.219 0.211 0 . 208 0.200 0.195 0.189 0 .1 81 
Efficiency 73 .4 74.6 76.6 78 .1 78.9 79.2 80.0 80 .5 81.1 81. 9 
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TABLE 18.-LUBRICANT NUMBER II-TREATED 16 HouRs WITH OzoNE AT 27° C. 
Standing 8 Months (Approximately) 
Pounds I 
per sq. in . 10 20 30 40 50 60 70 80 90 JOO 
---------------
8 .50 17. 02 25 .02 31.01 36.01 43.53 47 .51 53. 53 61.02 66.03 
8 . 51 18 .03 23. 51 30.02 38 .03 42.54 48.03 53.53 60.53 63. 53 
8. 52 17. 52 24.04 31.01 37 .02 42.53 47 .02 54.02 59.52 65 .04 
9.01 17.03 24.03 30.04 36.03 41.04 47 .03 53. 53 61. 53 65 .04 
9 . 51 17 .02 24.04 30.01 36 .01 42.02 50. 53 54.04 59.02 64.54 
9.01 17.03 25. 03 30. 53 36 .01 43.04 49.00 54. 53 60.01 66.02 
9 .03 17.03 24.51 31.01 37. 53 41. 52 49.01 54. 52 60.01 66.04 
17 .00 3 7. 02 64.51 
------------------
Average 
Reading 8 . 87 17 21 24. 31 30.52 36 . 71 42. 32 48 .30 5.1.96 60. 23 65 .09 
F. 0. 259 0. 251 o. 236 0.223 o. 214 o. 206 0.201 0.197 0.195 0.190 
Efficiency 74.1 74.9 76.4 77. 7 78 .6 79.4 79 .9 80.3 80 .5 81.0 
TABLE 19.- AVERAGE VALUES OF F FOR L UBRICANT NUMBER II 
__ P_o_u_nd_s_v_e_r_s_q_. _in_._ , ___ 1_0 __ __2_'.'.___ _6_o ____ 7_o _ )-_8_o----l--90 ___ 1_0_0_ 
Untreated at Room 
Temperature _ _ __ _____ 0.286 0.276 0.261 0.248 0.241 0.232 0.225 0 224 0.221 0.211 
After 8 Hours Ozone at 
Room Temperature ____ 0.279 0.165 0.254 0.239 0.233 0.224 0.223 0.222 0.221 0.217 
After 16 Hours Ozone at 
Room Temperature __ __ 0.275 0.262 0.251 0.236 0.223 0.219 0.220 0.215 0 . 216 0.215 
On Standing about 2 
months ________ __ ___ _ 0.259 0.250 0.236 0.222 0.215 0.209 0.201 0.200 0.196 0.190 
After 5 Hours Ozone at 
27°C. ____ ____ _______ _ 0.271 0.256 0.238 0.224 0.213 0.210 0.203 0.200 0.194 0.187 
After 16 Hours Ozone at 
27°C. ________________ 0.280 0.268 0.248 0.235 0.223 0.214 0.208 0.202 0.196 0.191 
After 16 Hours Ozone at 
27°C., Standing Approx. 
8 months _____ ____ ___ _ 0.270 0.260 0.241 0.229 0.221 0.210 0.205 0.200 0.199 0 .1 92 
TABLE 20.-AVERAGE VALUES FOR EFFICIENCY FOR LUBRICANT NUMBER II 
Pound s per sq. in. I JO I 20 30 40 50 60 70 80 90 JOO --------------- ----
Untrea ted ___ ___ . _____ 71. 4 72.4 73. 9 75 . 2 75 9 76. 8 77 5 77.6 77 .9 78. 9 
8 hours ozone at room 
temperature ______ ____ 72.1 73 . 5 74.6 76. 1 76. 7 77 .6 77. 7 77 .8 77.9 78. 3 
16 hours ozone at room 
temperature ___ _____ __ 72. 5 73 . 8 74.9 76.4 77. 7 78.1 78.0 78 .5 78 .4 78. 5 
16 hours ozone at room 
temperature . Standing 
approximately 2 months 74.1 75 .0 76.4 77.8 78. 5 79 .1 79 . 9 80.0 80 .4 81. 0 
5 hours ozone at 27°C ___ 72.9 74.4 76. 2 77 .6 78. 7 79.0 79. 7 80 .0 80 .6 81. 3 
16 hours ozone at 27°C. 72 .0 73. 2 75. 2 76.5 77. 7 78 .6 79. 2 79. 8 80.4 80.9 
16 hours ozone at 27°C. 
Standing approximately 
8 months _____________ 73. 0 74.0 75. 9 77.1 77.9 79 .0 79.5 80.0 80 .1 80.8 
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SUMMARY OF TESTS ON LUBRICANT NUMBER III 
Treated 
8 hrs. ozone at room temperature 
16 hrs . ozone at room temperature 
Flash point of untreated oil- 196° C. 
1. Iodine Number Decrease with 8 hr. treatment, but showed very 
slight increase with 16 hr. treatment. The untreated 
oil showed a very low iodine number (6.61). The 
first treatment brought it practically to the limit 
2. 
3. 
4. 
Acid Number 
Specific Gravity 
Surface Tension 
5. Interfacial Tension 
6. Viscosity 
7. Index of Refraction 
8. Color 
9. Average Coefficient 
of Static Friction 
10. Average Efficiency 
of reliability for this determination. 
Marked increase with each treatment. 
Increase with each treatment. 
Decrease with first treatment and slight Increase 
with second treatment. 
Decrease with first treatment and slight Increase 
with second treatment. 
Increase with each treatment. 
Slight decrease with each treatment. 
Untreated oil clear and br;ght in color . Upon stand-
ing a short time after 8 hr. treatment, became dark. 
After 16 hr. treatment, the oil was almost black and 
a black sediment was observed. 
Shows increase for all loads with 8 hr. treatment. 
Decrease with second treatment for all loads up to 
40 lbs. per square inch. For loads of 50 and 70 lbs . 
per square inch, no change shown after second treat-
ment. For loads of 60, 80, 90, and 100 lbs. per 
square inch, slight increase is shown. 
Exact converse of the average coefficient of static 
friction. 
T ABLE 21.-LuBRICANT NuMBER III 
I nter- In dex of 
Iodine Acid Surface facial Viscosity Re-
Oil Number Number Specific Gravity T ension Tensi on Absolute fr action 
---
Oil-water 
per cen t MgKOH 22'C 22'C Ar- 22'C 
iodine per gm 15½'C 22'C Dynes bitrary Poises 
oil per c m. Units 
----· 
Untreated _____ ___ ___ 6 .61 0.2 0. 882 0.878 34.09 2350.0 0. 5934 1. 5045 
Treated 8 hours with 
ozone at room temper-
ature _ _____ _________ 5 . 22 0.6 0.884 0 .880 33 . 21 12 78. 0 0.6333 1. 50{0 
Treated 16 hours with 
ozone at 27°C. ·---- ·· 5. 28 1.1 o. 885 0. 88 1 33. 76 1302 . 1 0.65 87 1. 5027 
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TABLE 22 .-LUB RICANT NUMBER III-UNTREATED 
Pounds 
per sq in. 10 20 30 40 50 60 70 80 90 100 
---- ---------- - - - ------------ -------
9. 51 18 .01 24.02 32 .04 38 .01 42.02 47 .50 52 .52 57 .04 62 . 53 
9 .03 17 . 52 23.54 31.01 37 .02 41.01 47.50 52.5 1 57.04 59. 52 
9.00 19.5 1 23. 54 30.03 37 .03 41. 53 47 .02 50.54 56.01 61. 52 
9 .01 17 .04 23. 53 31.54 35 .03 42.54 46.53 53 .03 56.5 1 62.04 
9.02 16 .50 24 . 54 31. 53 36. 52 42.01 47.03 51.50 55 . 51 61.03 
17 .02 24.03 31.01 37 .52 42.04 47 .01 51 .04 57 .02 59.02 
15 . 52 23 .04 31. 52 37. 53 41. 53 47 .52 53.53 57 . 53 62 .54 
17 . 54 52.5 1 57 . 53 61.54 
------------ --- ---
Average 
Reading 9 .11 17. 33 23. 75 31. 24 36 .95 41. 81 47 .16 52 . 15 56 . 77 61. 22 
F. 0.266 0. 253 0.231 0.228 0.216 0.203 0 . 197 0.190 0 . 184 0.179 
Efficienq· 7:; .-i- 74. 7 76.9 77.2 78.4 79. 7 80 . 3 81. 0 81.6 82. 1 
TABLE 2 3.-L u B RICA NT NuMBER III- TREATED 8 HouRs WITH OzoNE AT RooM TEMPER-
ATURE 
Pounds 
per sq . in. 10 20 30 40 50 60 70 80 90 100 
- ------ - - ------
9.01 17 .02 26 .02 3 I. 02 39.04 44.51 49.09 57. 53 63 .54 68. 06 
9.01 17. 51 25.01 30.52 3 8. 55 44.00 49.H 56.00 64.04 70 .05 
9 .5 1 1:8. 52 26.04 32 .53 37. 53 44.52 50 . 53 58.03 63 .03 68. 57 
9.53 18 .03 25.52 30. 53 38.54 43.52 so. 53 57. 5 I 63 .05 69 .03 
9.0 1 17. 02 25 .04 30.5 3 39. 03 43 .04 50.05 57 .54 63.52 68 .5 1 
9. 51 17 .03 25 .03 32 .01 37 .03 43.52 57 .03 67 .so 
32.04 37. 53 43 .52 56.04 67 .02 
31. 01 56.05 
---- - ----- ------------
A,;eragc: 
Reading 9.26 17 .52 25 .H 31. 27 38 . 18 43 .8U 49.94 56.97 63 .44 68. 39 
F. 0.270 0 .256 o. 247 0,228 0.22"3 0.213 0.208 0.208 0.206 0.200 
Efficiency 73 .0 74.4 75. 3 77 . 2 77. 7 78. 7 79. 2 79 .2 79.4 80. 0 
TABLE 24.-LUBRICANT NUMBER III-TREATED 16 Ho uRs WITH O z o NE AT 27° C. 
Puunds 
per sq . in. 10 20 30 40 50 60 70 80 90 100 
- --------------- --- - ---- ---
8. 57 17. 51 23 .52 30.03 38 .02 45 .04 50. 53 56.03 63 .05 68.01 
9 .01 17 .03 24. 52 31.03 38.03 44.52 50.01 55 .52 0 .03 69.51 
9 .01 16 .52 23 . 51 31.04 38.54 45 .03 49.53 56.53 62.54 6Q . 52 
9.52 16. 51 24.04 30. 53 39.04 45 .54 50.02 57 .03 63 .02 72.50 
8. 51 16.52 24 .5 2 31.04 39 . 52 43.04 50. 01 56.52 63 .54 70.04 
9 .01 16. 52 23.5 1 31.04 38.54 45 .04 50.01 55 .02 63 .04 71. 53 
8. 53 17.03 23. 51 31. 51 38. 52 44.52 51. 52 56.02 62.53 69.53 
50.54 
- ----------- - - -
Average 
Reading 8 .88 16. 80 23.87 30.89 38 .60 44.67 50 . 27 56.09 62.68 69.95 
F. o. 259 o. 245 0.232 0.225 0.225 0.217 0.210 0. 205 0 .203 0 . 204 
Efficiency 74. l 75 .5 76.8 77 .5 77.5 78 .3 79.-0 79 .5 79. 7 79.6 
TABLE 25.-AVERAGE VALUES OF F FOR L UBRICANT NUMBER III 
Pounds per StJ.. in. 10 20 30 40 50 60 70 80 90 100 
--- --- --- - ----- - --
Untreated __ ___ _______ 0 .269 0 . 252 0.232 0.224 0. 213 0.199 0.197 0 . 189 0.183 0.179 
Treated 8 hours with 
ozone at room temper-
atu re _ _ ___ __ ______ ___ 0.271 0 . 261 0 .247 0.232 0 . 226 0 . 216 o. 211 0.209 0.206 0.200 
Treated 16 hours with 
ozone at 27°C. ___ ___ __ 0.262 0. 253 0. 238 0.231 0. 226 o. 218 0.211 o. 211 0.207 0. 203 
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TABLE 26.-AVERAGE VALUES FOR EFFICIEN CY FOR L UBRICANT NUMBER III 
Pounds per sq . in. IO 20 30 40 50 60 70 80 90 100 
--------- - ---------- --- -----
Untreated ___________ 73. I 74. 8 76. 8 77.6 78 . 7 80. 1 80. 3 81.1 81. 7 82 I 
Treated 8 hours with 
ozone at room temper-
ature ____________ __ __ 72 9 73 . 9 75. 3 76. 8 77.4 78 4 78 . 9 79.1 79.4 80 .0 
Treated 16 hours with 
ozone at 27° c._ -- --- ., - 73. 8 74. 7 76. 2 76.9 77.4 78 2 78. 9 78 .9 79. 3 79. 7 
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SUMMARY OF TESTS ON LUBRICANT NUMBER IV 
Treated 
8 hrs. with ozone at room temperature 
16 hrs. with ozone a t room temperature 
Flash Point of untreated oil-204° C. 
1. Iodine Number 
2. Acid Number 
3. Specific Gravity 
4. Surface Tension 
5. Interfacial Tension 
6. Viscosity 
7. Index of R efraction 
8. Color 
9. Average Coefficient 
of Static Friction 
10. Average Efficiency 
Iodine 
Number 
per cent 
iodine 
Untreated __ _____ ____ 12. 73 
Treated 8 hours with 
ozone at room temper-
ature _ ____ ______ ____ 10. 25 
Treated 16 hours with 
ozone at room temper-
ature ________ _____ __ 7 .29 
Decrease with each treatment. 
Increase with each treatment. 
Slight increase for each treatment. 
Decrease with each treatment-second treatment 
slight decrease. 
Increase with first treatment-marked decrease 
with second 
Increase. 
Decrease with each treatment. 
Untreated, clear-greenish bloom. Upon treatment 
becomes almost black. A wax-like substance was 
deposited upon the surface of the container. No 
residue settled to the bottom. 
Decrease with each treatment for all loads. 
Exact converse of the average coefficient of static 
friction . 
TABLE 27.-LUBRICANT NUMBER IV 
Inter- I nde., of 
Acid Surface facia l Viscosity Re-
Number Specific Gravity Tension Tension Absolute fraction 
Oil-water 
MgKOH 22°C 22'C Ar- 22'C 
per gm 15½'C 22°c · Dynes bitrary Poises 
oil per cm. Units 
neutral 0.893 0 . 890 32. 81 2093. 2 1.243 1. 5122 
0.4 0 . 897 o . 893 32. 76 2483 .4 1. 334 1. 5111 
3 .1 I 0.901 0. 897 32 .49 1545.0 1.5102 
TABLE 28.-LUBRICANT NUMBER IV-UNTREATED 
Pounds 
per sq. in . 10 20 30 40 50 60 70 80 90 100 
----------------------- ---
10.01 20 .53 28.01 35 .04 44.52 50 .53 59 .03 64.54 74.04 83 .03 
10.53 19.04 27 . 53 34.54 46 .54 50.03 59. 52 64.04 70 .04 82. 05 
10.53 19.01 28.04 36.52 43 .52 51.51 60.53 68 .03 73.04 78.54 
10.02 19.02 27 .54 37. 52 43 .05 51. 51 62.03 66.54 73 .03 79 .54 
10.53 19 . 52 27 .53 35 .01 41.54 53 .03 63.04 67 .53 73 .03 78.54 
19.52 27 .53 36 .51 44.52 52. 53 59 .52 66 .54 73. 51 79.54 
26 .02 36.53 42.53 47 .50 58.54 63 .54 76.04 85 .04 
26.~l 51.01 58.54 64 .04 82.04 
76.52 
79.54 
---------------
Average 
Reading 10. 32 19.44 27.34 35 . 95 43. 74 50.96 60 .09 65 .60 73 . 25 80.44 
F. 0 .301 0.284 0.266 0 . 262 0. 255 0.248 0. 251 0 . 239 0.238 0.235 
Efficiency 69.9 71. 6 73.4 73. 8 74.5 75. 2 74.9 76. 1 76.2 76 .5 
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T ABLE 29.-LuBRICANT NuMBER IV-TREATED 8 HouRs WITH OzoNE AT RooM TEMPER-
ATURE 
Pounds 
per sq. in. 10 20 30 40 50 60 70 80 90 100 
- - - -------- - --- - --- ------- - --
8 .05 16.03 23. 03 31. 03 37 .02 44.03 50 .03 54.54 61. 53 65 .52 
8.52 16.02 23. 52 f2.04 38. 53 44.52 49 .03 54.55 59.53 64.54 
8. 14 16 .03 23.02 32.01 37 .04 43.04 48 .51 54.53 59 .04 65 .54 
8.01 16.52 24.5+ 30.01 37. 03 43 .54 48.52 54.02 58.54 66.04 
8.01 16.03 23 . 52 31.03 37. 51 43.04 48 .01 54.54 58 .59 64 .05 
16.01 23 . 54 31.03 38 .03 43 .53 49 .01 59. 53 62.53 
24 52 32 .01 38 .04 44.02 47.52 59.04 66.04 
23 .02 49.53 66 .04 
64.51 
64 .04 
--- - ----------------------
Average 
Reading 8 . 15 16.11 23 . 59 31.31 37 .60 43 .67 48.77 54 .44 59.40 64.88 
F. 0 . 238 o. 235 0.229 0. 228 0.219 0.212 0.203 0.199 0 . 193 0 . 189 
Efficiency 76. 2 76.5 77. 1 77.2 78.1 78 .8 79.7 80. 1 80. 7 81. l 
TABLE 30.-LUBRICANT NuMBER I V-TREATED 16 HouRS WITH OzoNE AT 27° C. 
Pounds 
per sq. in . 10 20 30 40 50 60 70 80 90 100 
- --- - -- - ----------------------1--------
8 .50 16. 52 22.02 28 .52 34.01 38 .04 42.54 47 .53 50 .54 55.04 
8.50 16.52 22.04 27. 51 33 . 03 38.02 42.54 46.03 5U.53 54.04 
8 .51 16.03 22.01 28. 52 33 . 52 38 .54 42.54 46.53 51.04 63 .54 
8. 51 16.02 22.03 28.01 32.52 38 .02 42.54 47 .04 51.04 55 .53 
8.01 16.03 22.01 27. 53 33 .01 38 .04 42 .04 47.04 51.04 55 .01 
27 . 51 33 .03 46 . 54 51.04 56.03 
27 .04 32 .01 46 .04 51.51 54.03 
46.54 55 .04 
45 .54 55 .02 
44.52 54.01 
- --- ---------------
Average 
Reading 8 . 41 16. 22 22.02 27 .80 33.02 38 .1 3 42 .44 46.33 50.96 55. 73 
F. 0.245 0. 237 0.214 0. 203 0 .193 0 . 185 0. 177 0.169 0.165 0 . 163 
Efficiency 75 .5 76 . 3 78 . 6 79. 7 80. 7 81. 5 82. 3 83. 1 83 .5 83. 7 
TABLE 31.-AvERAGE VALUES OFF FOR LUBRICANT NuMBER IV 
Pounds per sq . in. 10 20 30 40 50 60 70 80 90 100 
--------- - -- - -- - -
Untreated _____ ____ __ _ 0.292 0.279 0 . 262 o. 257 o. 245 o. 238 0.237 0 .229 0.227 0 .228 
Treated 8 hours with 
ozone at room temper-
ature _ __ ___ ______ ___ _ 0.251 0. 243 0 . 231 0.225 0.2 19 0.210 0.204 0.200 0 .196 0 . 192 
Treated 16 hours with 
ozone at 27° c __ ___ ____ 0.241 0.233 0.2 10 0.200 0.191 0 .182 0 .173 0.166 0.160 0.157 
TABLE 32.-AVERAGE VAL U E S FOR EFFICIENCY FOR LUBRICANT NUMBER IV 
Pounds per sq. in . 10 20 30 40 50 60 70 80 90 100 
--- - ----- ------
Untreated ___________ _ 70.8 72 .1 73. 8 74.3 75 .5 76 . 2 76.3 77 . 1 77 .3 77 . 2 
Treated 8 hours with 
ozone at room temper-
ature _ __ _____________ 74.9 75 . 7 76 .9 77 .5 78 . 1 79.0 79.6 80.0 80.4 80.8 
Treated 16 hours with 
ozone at 27° C, ___ ____ _ 75 .9 76. 7 79.0 80.0 80.9 81. 8 82. 7 83 .4 84.0 84 . 3 
.O.JJO 
tl.240 
11/80. 
IJ./60, 
DEPARTMENT Of ENGJ!\EF.RlNG-U1<1vu~ 1y, u ~ M 1_5~ou~ 1 
10 ZO JO efO 
L /;.,. ,,oe,,_. v:7· ,/7c /2 
PLAT£¥ 
H 
(fJ 
(fJ 
0 
C: 
?O 
H 
TESTS ON LUBRICATING OILS 35 
SUMMARY OF TESTS ON LUBRICANT NUMBER V 
Un blended-Neutral 
Treated 
8 
16 
1. 
2. 
hrs. ozone at room temperature 
hrs. ozone a• 27° C. 
Flash Point of untreated oil-415° F. 
Iodine Number 
Acid Number 
3. Specific Gravity 
4. Surface Tension 
5. Interfacial Tension 
6. Viscosity 
7. Index of Refraction 
8. Color 
9. Average Coefficient 
of Static Friction 
10. Average Efficiency 
Iodine 
Numbe r 
per cent 
iodine 
Untreated ____ _______ 8.68 
Treated 8 hours with 
ozone at room temper-
ature _ ______________ 9.02 
Treated 16 hours with 
ozone at 27° c. _______ 8.90 
Increase with first treatment-decrease with second. 
Untreated oil, neutral. Considerable increase with 
each treatment. 
Increase with first treatment-same a t 25° C . for 
second decrease at 15° C. 
lncrease with first treatment-decreases with second 
below •hat of untreated oil. 
Decrease with each treatment. 
Increase with first treatment-slight decrease with 
second treatment-, but increase over original viscosity. 
Decrease with each treatment. 
Untreated-fairly light in color. Upon treatment 
with ozone for 8 hours at room temperature the color 
was slightly darkened-a slight residue remained in 
container, but the oil remained clear, no precip-
itate. Upon treatment with ozone for 16 hrs. at 
room temperature a slightly heavier residue was pro-
duced than in the case of the 8 hour treatment. The 
oil was also slightly darker and a slight haze was 
noticeable, but no precipitate was thrown down. 
Decrease for all loads with each treatment. 
Converse of average coefficient of st atic friction. 
TABLE 33.-LUBRICANT NUMBER V 
Inter- Index of 
Acid Surface facia l Viscosity Re-
Number Specific Gravity Tension Te nsion 25°C fraction 
Oil-water 
MgKOH Dynes Arbitrary Saybolt 
per gm l 5°C 25°C per cm. Units Seconds 
oil 25°C 25°C 
neutral 0.922 0.913 34.45 ·,1386.28 435 I. 5235 
1.5 0 .926 0.920 34. 83 1379 . 82 659 I. 5210 
2. 3 0.921 0.920 34.29 1315 . 16 537 I. 5188 
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TABLE 34.-LUBRICANT NUMBER V-UNTREATED 
Pounds 
per sq. in. 10 20 30 40 50 60 70 80 90 100 
----- ------ - - ----------
9.51 18.01 28. 53 34.04 40.05 49.53 55. 51 63 .05 67.04 75 . 53 
9.51 19.03 26.54 34.03 41. 53 51.02 53.52 61.H 69 .53 74.54 
9. 51 19.03 27. 53 34.54 41.03 47.53 53.52 62. 55 69.04 71. 52 
9 . 51 18. 55 27 .54 34.54 41.54 49.03 55. 53 64.0-! 68. 53 74.03 
9. 51 18. 53 26. 53 34.02 41.02 47 .02 58.04 61.54 70 .03 76.01 
18. 53 26 . 53 41.0•f 46.54 54.54 63 .54 67 .54 76.02 
19. 55 26. 53 41.54 48.04 54.54 64 .52 67.04 74 . 53 
48 .03 56.04 61.04 67.54 74.03 
47. 53 52 .04 75. 51 
47 .53 55 .02 73 .54 
------------------------
Average 
Reading 9.51 18 . 75 27 .10 34. 23 41.11 48. 18 54.83 162.73 68. 29 74.53 
F. 0. 278 0. 274 o. 264 0.250 0.240 0.234 0.229 0.229 o. 221 0.218 
Efficiency 72. 2 72.6 73. 6 75 .o 76 .0 76.6 77 .1 77.1 77.9 78. 2 
TABLE 35.-LuBRICANT NuMBER V-TREATED 8 HouRs WITH OzoNE AT RooM TEMPER-
ATURE 
Pounds 
per s:i_. in . 10 20 30 40 50 60 70 80 90 100 
·---- ------ - --------- ---- -------------
8. 51 15. 51 21. 53 28. 01 34.54 39. 02 44.51 49.0-! 55. 03 60.04 
8.01 15. 52 22 .02 27.52 33. 52 39 .02 45 .04 49. 53 55 .54 60.53 
8.01 15. 51 21. 53 28. 03 35 .04 39. 52 45 .04 49.03 55 .02 60.04 
8 .03 15 . 53 22.53 28 .03 33. 53 39 .02 45 .04 49. 53 55 .0-! 60.04 
8 .01 15. 53 21. 53 28.03 34.02 39.0-! 45 .03 49 .52 54. 54 59.04 
33 .03 61. 03 
34.03 59. 53 
---- - ------ --------------------
Average 
Reading 8 .11 15.52 21. 83 27. 92 33.96 39.12 44 .93 49. 33 55. 03 60.03 
F. o. 237 0. 226 o. 212 0.204 0.198 0.190 0.187 0.180 0.178 lJ. 175 
Efficiency 76.3 77.4 78. 8 79.6 80.2 81. 0 81. 3 82. lJ 82. 2 82. 5 
TABLE 36.-LUBRICANT NUMBER V -TREATED 16 HOURS WITH OZONE AT 27° C. 
Poun:ls 
per sq. in. 10 20 30 40 50 60 70 80 90 100 
------------ -----------------
7 .53 14.52 21.03 27 .01 31.51 38.54 43 .02 49.03 53. 03 57.53 
7 .55 14.04 21. 03 27 .02 30.55 39 .02 43 .52 48. 51 52 .0-! 58.04 
7 .01 14.54 20.53 27.02 32.02 38.0-! 43 5-! 48.03 53 .03 57. 53 
7. 51 14. 53 21.03 26 .52 33 .02 38.03 43 52 48.0-! 52.Ul 58.04 
7.04 15. 03 21.03 27 .02 32.01 38 .03 45 04 49.04 52.52 58.53 
31. 51 43 53 47 .52 51. 51 59.02 
32.04 47.53 53.03 58 .54 
31.02 48 .01 52. 52 59.52 
31. 53 48.51 52.53 57 .03 
+7.02 52 52 57 .OS 
·- - ------------ - - ------------
Average 
Re::ading 7. 33 14. 53 20. 93 26.92 31.69 38. 33 i3 .69 •18. 12 52.47 58.08 
F°. 0. 214 0. 212 U.204 0 . 196 0 . 185 0.186 0 . 182 0.176 0 .170 0.169 
~ffi.ciency 78.6 78 .8 79.6 80.4 81. 5 81.4 81. 8 82 .+ 83 .o 83 . 1 
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TABLE 37.-AVERAGE VALUES OF F FOR LUBRICANT NUMBER V 
Pounds per sq. in . 10 20 30 4(J so 60 70 80 90 IOU 
- ------------------------Untreated ____________ 0.286 0. 275 0.256 0 . 249 0.240 0. 233 0.229 0.224 0. 219 0.217 
Treated 8 Hours with 
ozone at roum temper-
ature _ _______________ 0.231 0. 225 0. 212 0.202 0.196 0.188 0.184 0 . 178 0.175 0.173 
Treated 16 Hours with 
ozone at 27° c _____ ---- 0.218 0.217 0.205 0.196 0.186 0.184 0.180 0.175 0 . 170 o. 168 
TABLE 38.-AVERAGE VALUES FOR EFFICIENCY FOR LUBRICANT NUMBER V 
Pounds per sq. in. 10 20 30 40 so 60 70 80 90 100 
---------------
Untreated __________ - 71.4 72.5 74.4 75. 1 76 .0 76 . 7 77.1 77.6 78 . 1 78 . 3 
Treated 8 Hours with 
ozone at room temper-
ature _ _________ ______ 76.9 77 .5 78.8 79. 8 80.4 81. 2 81. 6 82 .2 82 . 5 82. 7 
Treated 16 hours with 
ozone at 27° c,_ --- --- 78.2 78.3 79.5 80 .4 81.4 81.6 82.0 82.5 83 .o 83. 2 
SUMMARY OF TESTS ON LUBRICANT NUMBER VI 
Unblended-Neutral 
Treated 
8 hrs. ozone at room temperature Flash point of untreated oil-415° F. 
16 hrs. ozone at 27° C. 
1. Iodine Number Decrease with each treatment. 
2. Acid Number 
3. Specific Gravity 
4. Surface Tension 
5. Interfacial Tension 
6. Viscosity 
7. Index of Refraction 
8. Color 
9. Average Coefficient 
of Static Friction 
10. Average Efficiency 
Untreated oil, neutral; marked mcrease with each 
treatment. 
Increase with each treatment. 
Decrease with first treatment, but increased with 
second. 
Decrease with each treatment. 
Increase with each treatment. 
Increase with first treatment; decrease with second . 
Untreated oil, clear and bright. After treatment for 
8 hours with ozone at room temperature a slight 
deposit of sediment could be detected-no precipitate; 
oil remained clear but was appreciably darkened. 
After treatment for 16 hours with ozone at 27° C. 
there was still very little sediment visible-oil be-
came cloudy and quite dark, but no precipitate was 
thrown down. After standing about a week, a thick 
sediment was found at the bottom of the container. 
Decrease with each treatment for all loads. 
Exact converse of average coefficient of static friction. 
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TABLE 39.-LUBRICA NT NUMBER V I 
I ntei- Index of 
Iodine Acid Surface facia l Viscosity Re-
Number Numb er Specific Gravity Tension Tension 25•c fraction 
Oil-water 
per cent MgKOH Dynes Arbitrary Saybolt 
iodine per gm 15•c 25°c per cm . Units Seconds 
oil 25°c 25°c 
Untreated _____ ____ ··- 13. 70 neutral 0 . 871 0.865 33.43 1654. 25 349 1.4948 
Treated 8 hours with 
ozone at room temper-
ature _ ___ _____ __ - -·· _ 7. 99 1.0 0.877 0. 871 32. 94 1269 . 14 437 1. 4968 
Treated 16 hou rs with 
ozone at 27° c._ --- --- 4 . 86 4.0 0.883 0.877 33 .66 1038.37 I 478 1. 4952 
TABLE 40.-L UBRICANT N UMBER V I -UNTREATED 
Pounds 
per sq . in. 10 20 30 40 50 60 70 80 90 100 
--- -------- -----
8.02 16 . 51 23 .02 28.50 35. 53 42.04 48.0 1 52.52 58 .04 63 .03 
8 . 51 16 .01 24 .04 29.01 35. 51 41. 54 47 .04 52.01 59 . 52 63 .04 
8. 51 17. 02 22. 52 29.01 35. 51 42.03 47.04 53 .02 57 . 52 62.05 
8. 51 16 . 51 23 .51 28 .51 35 . 52 43 . 52 49.04 58 . 54 56 . 51 62.54 
8 .03 16 . 50 22 .03 29.03 35 .02 41. 53 49 .03 54.04 59 .02 60 .04 
23 .02 28.03 42.54 48 .03 54.04 56.01 66.54 
22 .54 28.50 42.54 47 .5 1 50.53 56 .01 64.04 
23 .02 42 .54 48 .04 51. 51 56 .03 63.04 
22 .54 41. 53 46.53 51. 52 56.03 65 .54 
21. 52 40.04 47 .02 52 .01 58 .04 63.54 
--- - -- - -- - -- - -
Average 
Reading 8.32 16.51 22 . 78 28.65 35 .42 41.98 47. 73 52.97 57 . 27 63 . 34 
F. 0. 243 0. 241 0 .222 0.209 0 . 207 0 . 204 0. 199 0. 193 0. 186 0 . 185 
Efficiency 75.7 75. 9 77.8 79.1 79 . 3 79 . 6 80 .1 80.7 81. 4 81. 5 
T AB LE 41. - L UBRI CANT NuMBER VI-TREATED 8 HouRs WITH OzoNE AT R ooM TEMPER-
ATU RE 
Pound s 
per sq . in. 10 20 30 40 so 60 70 80 90 100 
- ----------------
7 . 52 16 . 52 23 .03 28 .5 1 33 .02 39 .5 1 45.04 50.02 55 . 54 61.04 
7 .5 1 16.52 22 .01 28 .50 34 .02 40.04 45 .04 49.52 54.54 59 .54 
8.03 16 .03 22 .02 28 .03 34 .53 40 .04 45 .02 49 .52 55 .02 60. 53 
7 .55 16.02 22.54 28 .03 34.52 40 .04 44 .04 49.53 55 . 54 61. 04 
8.01 15 . 51 22 .04 28.02 33 .53 39. 51 44.04 50.04 55 .54 60 .04 
7 . 53 16 . 51 21.53 33 .53 44. 02 59 .53 
7 . 52 15 .51 22 .02 34.02 45 . 54 60 .54 
16 .01 46. 04 59 .54 
45 .03 59 .52 
44 .54 60. 54 
---- ------ -- - --
Average 
Reading 7 .67 16.08 22 .1 7 28.22 33.88 39 . 83 44 . 83 49. 73 55 . 24 60 . 19 
F. 0.224 0 .235 0 . 216 0.206 0.198 0 . 194 0. 187 0 .181 0 . 179 0 . 176 
Efficiency 77 .6 76.5 78.4 79.4 80. 2 80.6 81. 3 81. 9 82 . 1 82.4 
f PLAT£ J!lJ 
t 
azso 
c z 
H 
;;j 
en 
H 
>-l 
>< 
0 
>rj 
/J.1,/() 
H 
en 
en 
0 
C 
H 
IJ.190 
b:I 
C 
(J./8/) 
t"' 
t"' 
tT1 
2 j 
0./7/) z 
0.16P 
3 
{l. /l"() 01:PARTMEN'T OF ENGlf'iEEIUNC-UN IHkSll'\ u• M1s~uu • 1 
10 ;w so tfo 
L6..r. /'er "7· /-och 
TESTS ON LUBRICATING OILS 41 
TABLE 42.-LuBRICANT NUMBER VI-TREATED 16 HouRs WITH OzoNE AT 27° C. 
Pounds 
per sq. in. 10 20 30 40 50 60 70 80 90 100 
--------------- --
8.01 15.02 20.51 25.53 30.54 36.02 40.04 45 .54 49 .03 53.54 
8 .02 15 .03 20 .01 25 .02 JI.OJ 35.52 40.04 44.52 49.53 53. 53 
7. 52 14. 53 20.03 25 .54 31. 52 35.51 40 .04 45 .54 50.04 54 .03 
7. 52 H.53 20.01 25. 51 30.01 35. 53 40.04 45 .03 49.04 53 .54 
7.02 14. 53 20. 51 25. 52 31. 53 36.01 40.53 45 .54 49.53 53 .53 
7 .01 14.54 30. 53 35 . 51 54.54 
7 .02 14. 52 30.02 35. 51 53 .04 
30 .02 35.53 54 .04 
30.02 35. 51 54.04 
30. 53 53 .04 
----------------
Average 
Reading 7.H 14.67 20.21 25 .42 30. 57 35. 63 40.14 45. 23 49 .43 53.69 
F. 0.217 0. 214 0.197 0.185 0.178 0.173 0.167 0.165 0.160 0.157 
Efficiency 78. 3 78 .6 80. 3 81. 5 82 . 2 82.7 83. 3 83. 5 84.0 84. 3 
-··-· 
TABLE 43.-AVERAGE VALUES OF F FOR LUBRICANT NUMBER VI 
Pounds per sq . in. 10 20 30 40 50 60 70 80 90 100 
---- ----------------
Untreated __ ___ ____ ___ 0. 242 0.247 o. 232 o. 217 0.211 0.204 0 .1 98 0.195 0.190 0.186 
Treated 8 hours with 
ozone at room temper-
ature ________________ 0.229 0.230 0.214 0. 205 0 .199 0 .194 0.188 0.183 0.179 0.175 
Treated 16 hours with 
ozone at 27° c. ________ 0.214 0. 210 o. 195 o. 184 0.176 0.173 0 .168 0.165 0.160 0. 158 -
TABLE 44.-AVERAGE VALUES FOR EFtICIENCY FOR LUBRICANT NUMBER VI 
Pounds per sq . in. I IO 20 30 40 50 60 70 80 9U 100 
--------------------------
Uhtreated .. ____ __ _____ 75 . 8 75. 3 76 .8 78. 3 78 .9 79.6 80.2 80.5 81.0 81.4 
Treated 8 hours with 
ozone at room temper-
ature - - - - - -- - -- -- --- 77. I 77.0 78.6 79.5 80. 1 80.6 81. 2 81. 7 82 . I 82 . 5 
Treated 16 hours with 
ozone at room temper-
ature - --- - ------ - ---- 78 .6 79.0 80. 5 8 1. 6 82.4 82. 7 83. 2 83 . 5 84 .0 84.2 
SUMMARY OF TESTS ON LUBRICANT NUMBER VII 
Un blended-Neutral 
Treated 
8 hrs . ozone at room temperature 
16 hrs. ozone at 2q° C. 
Flash Point of untreated oil: 340° F. 
1. Iodine Number 
2. Acid Number 
3. Specific Gravitv 
4. Surface Tension 
5. In terfacial Tension 
Decrease after each treatment-very slight decrease 
after first treatment. 
Untreated oil neutral; increased with each treatment . 
Increase with each treatment. 
Increase with each treatment-considerable increase 
after second treatment. 
Decrease after each treatment. 
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G. Viscosity 
7. Index of Refraction 
8. Color 
9. Average Coefficient 
of Static Friction 
10. Average Efficiency 
Increase after first treatment-slight decrease after 
second treatment, but still higher than that of un-
treated oil. 
Decrease after first treatment, slight increase after 
second treatment, but lower after this treatment 
than that of untreated oil. 
Light in color-clear. After 8 hour treatment with 
ozone, quite a heavy residue was deposited in con-
tainer- no haze but a slight flocculent precipitate 
was visible. There was an appreciable darkening of 
color. After 16 hour treatment with ozone at 27° C. 
a very dark residue was deposited in the container; 
also there was a heavy flocculent precipitate. Oil 
was very hazy and very dark after treatment. 
Decrease after each treatment for all loads from 10 
to 70 pounds per square inch. For load of 80 pounds 
per square inch the untreated oil and first treatment 
show same average coefficient of friction; second 
treatment shows decrease. For loads of90 pounds per 
square inch, first treatment shows slight increase in 
value of coefficient of friction above untreated oil. 
Second treatment shows decrease in value of coeffi-
cient of friction. For load of 100 pounds per square 
inch, the value of the coefficient of friction decreases 
with each treatment. 
Exact converse of value of average coefficient of 
static friction. 
TABLE 45.-LUBRICA NT N UMBER VII 
Inter- Index of 
Iodine Acid Surface facial Viscosity Re-
Number Number Specific Gravity Tension Tension 25°C fraction 
-----
Oi,l-water 
per cent MgKOH 25°C 25 °C Ar- Saybolt 
iodine per gm 15 "C 25°C dynes bitrary Seconds 
oil per cm Units 
Untreated ___________ 88.8 neutral 0.887 0.880 34.12 2319.56 418 1.5071 
Treated 8 hours with 
ozone at room temper-
ature _ __ - - - - - - - - - - - .. 8.63 0.5 0. 889 0. 883 34.16 1542 .14 659 1.4919 
Treated 16 hours with 
ozone at 27° c. ____ 6.81 2.7 0.893 o. 887 34. 93 1100.00 537 1.5032 
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TABLE 46.-LUBRICANT NUMBER VII-UNTREATED 
Pounds 
per sq. in. 10 20 30 40 so 60 70 80 90 100 
----- --- - - - -·- ------------ --
8 .5 1 17 .OJ 24.04 30. 51 36.03 40.53 48.03 49.52 55.02 58 .02 
8. 51 16. 52 23. 52 30.01 37 .53 42 .54 47.04 51.04 55.04 59 .53 
8 .so 17 .03 24.52 30.04 36 .01 40.05 46.04 50.54 53. 53 61 .. 54 
8. 52 17 .01 24.02 30.03 39 .52 40.H 46 .04 48 . 52 53. 53 62.04 
8. 52 17 .02 23 .54 29. 53 35 .02 40.53 46.04 50.54 52 .02 59 . 53 
U.02 29. 53 35. 01 45 .04 48.52 52. 53 57. 53 
35 .01 46.03 49.53 55.04 58 . 54 
36 .01 49.53 53. 53 57 .03 
35. 51 48 .03 54.03 58.05 
35 .03 48. 52 55 .04 57.52 
0 ---------------
Average 
Reading 8. 51 16.92 23. 94 29. 94 36.07 40 . 8{ 46.32 49.43 53.93 58 .93 
F. 0.248 0 . 247 0. 233 0. 218 0.211 0.199 0.193 0 .1 80 0 . 175 0.172 
Efficiency 75 .2 75. 3 76 . 7 78 . 2 78. 9 80. I 80. 7 82.0 82.5 82. 8 
TABLE 47.-LuBRICANT NuMBER VII- TREATED 8 HouRs WITH Ozo NE AT RooM TEMPER-
ATURE 
Pounds 
per sq. in. 10 20 30 40 50 60 70 80 90 100 
--------------- ·------------
8 .01 16.02 23 .02 30.01 35 ,01 40.04 45 .54 51.04 56.53 61.03 
7. 53 16.01 22.02 28.51 34.51 40.53 45 .04 52 .03 55 .01 62.52 
8.02 16.01 23 .02 29.01 35 .03 39. 52 46 .03 51. 51 56.52 61 .54 
8.02 16 .01 21. 51 29.02 35 .02 41.03 45. 52 51.51 57 .02 60.53 
7.51 15. 50 22. 52 28 .S I 35. 03 40.53 45 .03 SI.SI 58.04 61.54 
8.01 16. 51 22.54 29 .01 34.53 40 . 54 45. 53 57 . 53 60.52 
22.02 28 .OS 56.52 59.52 
28. 52 56.51 60.52 
55.01 60.51 
55.03 60.54 
- - --- - -----------------
Average 
Reading 7. 85 16.01 22. 38 28 . 83 34. 85 40. 36 45 .45 5 I. 52 56 . 37 60. 88 
F. 0 . 229 0.234 0.218 0. 210 0. 203 0.196 0.189 0.188 0 .183 0 .178 
Efficiency 77 . 1 76.6 78. 2 79.0 79. 7 80.4 81. I 81. 2 81. 7 82. 2 
TABLE 4 8.-LUBRICANT NuMBER VII-TREATED 16 HouRs WITH OzoNE AT 27° C. 
Pounds I 
per sq. in. 10 20 30 40 so 60 70 80 90 100 
---------------
7. 51 15 .02 20.52 25 .54 31. 52 36. 51 41.02 45 .54 5 I. 52 53.51 
8.02 15 . 05 21. 52 26 .62 30. 53 35. 53 42 .52 47 .51 so. 53 56 . 53 
7. 51 15 .02 21.03 26.02 31. 02 37 .03 42 .02 47. 53 so. 52 55 .51 
7. 51 14.52 20.52 26.53 31.03 36. 51 42 .02 47 .04 SO.S I 55.02 
7 .03 14.52 20 .52 26.03 31.02 35 .52 41.54 46.04 49.51 55.02 
14.55 20.52 26.02 37.51 41.52 45 .53 50.63 55.51 
14.52 21. 02 36.02 46 .02 50.02 55.53 
36.52 46.02 48.01 
36 . 51 47 .03 so . 53 
46.52 49.51 
----------------
Average 
Reading 7 .52 14. 74 20.81 26.13 31.02 36.41 41. 77 46.48 so .13 55. 23 
F. o. 219 o. 215 0.202 0.191 0.181 0.177 0.174 0.170 0.163 0.161 
Efficiency 78. I 78.5 79.8 80.9 81. 9 82 . 3 82.6 83 .o 83 . 7 83 .9 
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TESTS ON LUBRICATING OILS 
TABLE 49.- A VERAGE VALUE S OF F FOR LuBRICANr NuM BER VII 
Pounds per sq . in. 10 20 30 40 so 60 70 80 90 100 
--- - -- ------ - -------
Untreated __ ___ ___ ___ _ 0.243 o. 245 0.228 0. 217 0. 208 0.199 0.194 0 .189 0. 183 0 .1 83 
Treated 8 Hours with 
ozone at room temper-
ature _______ __ ____ ___ 0.236 0. 230 0.219 0.209 0.204 0 .1 97 0.192 0 .1 89 o . 185 0. 182 
Treated 16 hours ,vith 
ozone at 27° c. __ ____ - 0.223 o. 218 0.205 0.194 0.1 85 0.1 80 0.176 0 .1 71 0.164 0 163 
T ABL E 5O.-AVERAGE VALUES FOR EFFICIENCY FOR LUBRICANT N UMBER VII 
Pounds per sq. in. I 10 20 30 40 so 60 _7_o __ s_o_l~ 100 
-- - ----- ---------
Untreated ___________ _ 75.5 75.5 77 . 2 78 . 3 79 .2 SO.I 80.6 81.1 81. 7 81. 7 
Treated 8 hours with 
ozone at room temper-
ature ------- - --- ---- 76.4 77.0 78.1 79. 1 79.6 80 . 3 80. 8 81.1 81 5 81 8 
T reated 16 hours ·with 
ozone at 27° C, _______ 77. 7 78. 2 79 .5 80 .6 81. 5 82.0 82.4 82. 9 83 6 83. 7 
SUMMARY OF TESTS ON LUBRICANT NUMBER VIII 
Treated 
8 hrs. ozone at room temperature 
16 hrs. a t 27° C. with ozone. 
Flash point of untreated oil: 331 ° F. 
1. Iodine Number 
2. Acid Number 
3. Specific Gravity 
4. Surface Tension 
5. Interfacial Tension 
6. Viscosity 
7. Index of Refraction 
8. Color 
9. Average Coefficient 
of Static Friction 
10. Average Effciency 
Decrease with each treatment. 
Increased with each treatment. 
Increase with each treatment. 
Increase with first treatment, decrease with second. 
Slightly lower than original surface tension. 
Decrease with each treatment. 
Increase with each treatment. 
Decrease with each treatment. 
Untreated- bright in color, clear. After 8 hour 
treatment with ozone at room temperature, color be-
came appreciably darker. After 16 hour treatment 
with ozone at 27° C. oil became almost black and a 
very considerable quantity of precipitate separated. 
Decrease for all loads by first treatment, but in-
crease for all loads by second treatment. In only one 
case (load of 10 pounds per square inch) was the 
increase such as to give a larger coefficient of friction 
than the untreated oil. 
Exact converse of average coefficient of static fricti on. 
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TABLE 51.-LUBRICANT NUMBER VIII 
I nter- Index of 
Iodine Acid Surface facial Viscosity Re-
Number Number Specific Gravity Tension Tension 22°c fraction 
Oil-water 
per cent MgKOH 22°c 22°C Ar- Saybolt 
iodine per gm 15 .5°C 22'C Dynes bitrary Seconds 
oil per cm. Units 
Untreated ___________ 10.08 0.1 0.928 0.926 32. 77 3237.84 168 I. 5 23 7 
Treated 8 hours with 
ozone at room temper-
a tu re _ _ __ __ _ _ ___ ____ 8.68 0.8 0.931 0.928 33.48 2050 . 73 182 I. 5235 
Treated 16 hours with 
ozone at 27° c. _ - - --- 6. 38 1. 8 0.934 0. 931 32 . 45 1633.00 203 I. 5127 
TABLE 52.-LUBRICANT NUMBER VIII-UNTREATED 
Pounds 
per sq. in. IO 20 ·30 40 so 60 70 80 90 IOtl 
------------------· ---- - -
9.51 17.53 25. 51 31.01 39 .51 44.52 53 .OS 60.54 63 .52 66.52 
9 .01 17.53 24 .54 33. 03 39.04 45 .04 53.03 58.54 63 .54 68.53 
9.01 17.51 25 .03 32.52 38 .54 45 .54 52 .03 58.54 63. 52 69.53 
9.52 18 .02 25 .04 32.04 38 . 52 45 .03 55.04 59.03 63 .03 70.54 
9 .52 17. 50 25. 04 31. 53 39.52 45 .04 52 .03 58.54 62 . 53 69.04 
25. 03 31.53 39.02 46.04 51. 53 59.03 64.03 68.04 
32. 51 38 .04 46.03 51.51 58.54 62 .54 69.04 
46.04 51 .51 60.54 62.02 68.52 
53 . 01 62.04 63.54 68 .53 
52.04 58.54 62.04 66.05 
------ ------------------
Average 
Reading 9.31 17 .62 25 .03 32.02 38. 88 45 .41 52.48 59.39 63 .03 68 .43 
f._ o. 272 0.257 0.244 0.234 0. 227 o. 221 0.219 0.217 0.204 0.200 
Efficiency 72.8 74.3 75 .6 76.6 77.3 77 .9 78 . 1 78. 3 79.6 80.0 
TABLE 53.- LuBRICANT Nu MB ER VIII-TREATED 8 HouRs WITH OzoNE AT RooM TEMPER-
ATURE 
Pounds 
per sq . in. 10 20 30 40 50 60 70 80 90 100 
-------·--------- ----
8.50 16.01 22.04 29.03 34.53 40.02 44.53 49.01 55 .53 59. 52 
8.06 16.02 22.53 28.02 34.02 39 .52 45 . 53 50.53 54 .54 59 .53 
8 .50 16.01 23. 02 28.02 34.01 40.53 44.03 49.03 55 .54 59.04 
8 . 51 16.51 22. 52 27. 51 34 . 52 40 .52 45 .04 49.01 53.53 59.02 
8 . 5.1 16.02 22 . 01 29.02 34.51 40.02 45 .53 50.52 54.04 59.5 1 
8.50 16.00 22 .54 29 . 51 34.53 40.04 44.52 49.52 54.54 60 54 
22.01 28 .51 34. 53 40 .04 45 .54 49.03 53.02 58. 53 
54.04 
--- ---- - --- ------
Average 
Reading 8 .43 16.09 22. 38 28. 52 34. 38 40.10 44.96 49.52 54.35 59.38 
F. 0.246 0 .235 0.218 0.208 0.201 0 .1 95 0.187 0.181 0.176 0.173 
Efficiency 75 .4 76.5 78.2 79.2 79.9 80.5 81. 3 81. 9 82.4 82. 7 
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TABLE 54.-LUBRICANT NUMBER VIII-TREATED 1 6 H OURS WITH OWNE AT 27° C. 
Pounds 
per sq. i:1. 10 20 30 40 50 60 70 80 90 100 
--------- ---
9.03 18. 52 24.54 30.53 36 .02 43 .04 48.52 56.03 62 .02 67. 53 
9.5 1 17 .54 24.04 30.04 37 .03 43 .04 49.53 54 .53 60 .5-! 68.0{ 
10.03 17 .03 24 .51 31.01 36.52 43 .02 48.03 55.52 62.54 66.04 
9.02 16 .52 24.04 32.04 38.54 43 .02 49.53 54 .02 61.04 65 .54 
9.5 1 17.03 24. 51 32.04 37. 52 43 .54 49.03 55 .05 61.54 65 .54 
9.02 18.04 24 .03 31.02 37 .04 49.03 54.54 61. 54 65 .54 
9. 53 17 .03 30. 53 36.03 50.03 54.54 60.04 67.0{ 
37. 53 48.52 60,54 66.05 
65 .04 
65. 53 
--------------------
Average 
Reading 9. 38 17 .39 24.28 31.03 37 .03 43 .13 49.03 54.89 61.22 66. 19 
F. o. 274 0.254 0.236 o. 226 0.216 0.210 0.204 0.200 0.199 0.193 
Efficiency 72.6 74.6 76.4 77.4 78.4 79.0 79.6 80 .0 80. 1 80. 7 
TABLE 55.-AVERAGE VALUES OF F FOR LUBRICANT NUMBER VIII 
Pounds per sq. in. 10 20 30 40 50 60 70 80 90 100 
-- ------------- -------------
Untreated ________ ____ o. 267 0. 256 0.242 0.234 0. 225 0.219 0. 216 0. 213 0.207 0. 203 
T reated 8 hours with 
ozone at room temper-
ature _ _____ ··-- - - ____ _ 0. 243 0 .231 0. 215 0. 206 0.201 0.192 0.186 0.180 0.176 0.173 
Treated 16 hours with 
ozone at 27° c. __ ----- o. 273 0.253 0. 236 0. 226 0. 217 0.208 0. 202 0. 199 0.196 o. 192 
TABL E 56.-AVERAGE VALUES FOR EFFICIENCY FOR L UBRICANT NUMBER VIII 
Pounds per sq. in. 10 20 30 40 50 6v 70 80 90 100 
------------ ------- ----
Untreated _______ ____ 73. 3 74.4 75 .8 76.6 77 . 5 78 .1 78.4 78. 7 79. 3 79. 7 
Treated 8 hours with 
ozone at room temper-
a ture _ ________ __ _____ 75. 7 76.9 78 .5 79.4 79 .9 80. 8 81.4 82 .0 82.4 82. 7 
Treated 16 hou1 s with 
ozone at 27° c. _______ 72. 7 74. 7 76.4 77 .4 78. 3 79.2 79.8 80. 1 80 .4 80. 8 
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TABLE 57.-LUBRICANT NUMBER I 
Values in percentage of weight flowing first ten minutes through an iron capillary and a steel capillary each 
of 0.018 inches in diameter. 
Min. 
(10) 
H'.Ju r 
I. 
2. 
3. 
4. 
5. 
6. 
7. 
Steel Capillary 
14 . 0664 100 % 
14.4880 
8. 5535 
3 .9434 
2 . 7017 
2. 1160 
1.8261 
102.9 
60.8 
28.0 
19. 2 
15 .0 
13.0 
TABLE 58.-LUBRICANT NUMBER III 
Iron Capillary 
20 .1097 100 % 
15. 7458 
18 . 2012 
15 .8120 
15. 3795 
13.9900 
12.8190 
13. 4125 
78 . 3 
90.5 
78. 6 
76.4 
69.6 
63. 7 
66.7 
Values 10 percentage of weight tto,ving first ten minutes through an iron capillary, 0 .018 inches in diameter. 
Miu. II III 
(lOJ 19.8516 100% 19.0310 100% 8. 7420 100% 
Hour 
I. 18. 8338 94.4 19.2440 101 7.5324 86. 3 
2. 8 . 2993 41.8 19. 2370 101 IO. 6222 121.0 
3. 1.8626 9.2 13 . 698lJ 72 10 .5136 120. 2 
4. 0 .4660 2. 3 IO. 4714 55 7.3108 83. 6 
5. 0.0868 0.4 7 .5802 {0 6. 7350 77 .2 
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